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AN1> PREFACS TO TEE SECOND EDITION. 


TnE present new edition of this volume is sub- 
BtantiaUy a reprint of the first. I have made a brief 
addition to the fifteenth cliapter, taking note of G. II. 
Darwin’s investigations respecting the influence of the 
solar tides upon the rotation of the planets, as l)caring 
upon the anomalies obsersmd in the periods of n>volu* 
tion of the satellites of Mars ; but bejoud tltis 1 luive 
confined myself to the correction of a number ot ^'po* 
graphical errors, and of a few verbal inaceuraeics. It 
was at one time mj intention to expand some of the 
early chapters, by extending the considerations therein 
presented^to other physical and chemical details, and to 
supplement the ninth, tenth, eleventh, and twelftli chn])- 
by a discussion of certain general topics, such as 
, •epts of wHataim and eamt as commonly dealt 
hysical science. But 1 found that it was im- 
9 to carry this intention into effect without 
' tng the limits, if not of my subject, at least 
< ,iBice at my command. And there being nothing 
k iJBnglish and American criticisms of the book, so 
ixe as they have fallbn under my notice, which, in my 
judgmeat, reqti^ a serious revision of any port of its 
oontenti, I have cemdaded to ff^ublish it in its orlgi- 
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iial fonn. NevcrtlielesH, I avail rayeelf of this oppor- 
tunity to reply to Boino of the criticiBins alluded to, 
chiefly to the end of removing a curious misapproheu- 
sion wliich is coiiiinon to uoarly all my critics, hut inci- 
dentally ulso^ of meeting ceitaia objections that are 
more or lu is founded upon or c6unectcd with it. 

L 

The raisapprohensiou I speak of is very surprising, 
in view of tho explicit declaration, contained in tlie 
very first sentence of my preface, that tho book is “ de- 
signed as a contribution not to jfliysics, nor certainly to 
metaphysicB, but to tho theory of cognition.” Not- 
withstanding this declaration, most of my critics assume 
it to be my pui'pose to expose the sliortcomings and de- 
fects of particular physical theories as devices for the 
colligation of facts, or as instruments of research, and 
suppose that my endeavor is simply, as one of my crit- 
ics oxpresses it, “ to pick flaws in these theories,” or, in 
the language of another critic, to crassify and develop 
contnulictions ” between them, to “ set facts by the 
ears,” and “bump friendly heads together” — in short, 
in tho spirit of a sort of scientific pyrrbonism, to dis- 
credit the familiar methods of physical Bdcncc", if not to 
invalidate its results. And they complain that I fail to 
apprehend what one of them is pleased to term the 
“ laboratory function ” of a physical theory or hypodic- 
sis, and to appreciate tho distinction between a “ work- 
ing hypothesis ” and a theory advanced with the clain^ 
of its final validity or truth. 

Now, the fact is that, for the purposes of the snquiiy 
to which my book is devoted, I ’am not direoOy con- 
cerned with the “laboratory function” of “working 
hypotheses ” or physical theories at all. My object is to 
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cdnsider current physical theories and the assumptions 
which underlie them in the light of the modera theory 
of cognition — a^theory which has taken its rise in very 
recent times, and is. founded upon the investigation, by 
scientific methods analogous to those crij^loyed in the 
physical sciences, of the laws governing the evolution 
of J;hought and speech. Among the important truths 
developed by the sciences of comparative linguistics and 
psycliology are such as these : that the thoughts of men 
at anjt particular period are limited and controlled by 
the forlns of their expression, viz., by language (using 
this term in its most comprehensive sense) ; that the lan- 
guage spoken and “ thought in ” by a given generation 
is to a certain extent a record of the intellectual activity 
of preceding generations, and thus embodies and serves 
to perpetuate its errors as well as its truths ; that this 
is the fact liinted at, if not accurately expressed, in the 
old observation according to which every distinct form 
or system of speech involves a distinct metaphysical 
theory ; that the metaphysical systems in vogue at any 
particular epoch, despite their apparent differences and 
antagonisms, on proper analysis are found to be charac- 
terized bj^ certain common features in which the latent 
metaphysics of the language in which such systems 
have originated, or are presented, are brought to view ; 
that philosophers as well as ordinary men arc subject 
to the thralldom of the intellectual prepossessions em- 
bodied in their speech as well as in the other inherited 
^forrQS of their mental and physical oiganizations, and 
are unable to emancipate themselves from this thralldom 
otherwise than by slow and gradual advances, in con- 
formity to the law of continuity which governs all pro- 
cesses of evolution whatever. It being my belief that 
all tbi» applies to Jhe votaries of science as well as to 
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the devotees of metaphysics or ontology, I songht to en- 
force this belief by an examination of the general con- 
cepts and theories of modem physics^ According to 
the opinion of contemporary men of science, these con- 
cepts and theories are simply generalizations of the data 
of experience, and are thus not only independent of 
liie old a priori notions of metaphysics, bat destmetive 
of them. But, although the founders of modem physi- 
cal science at the outset of their labors were animated 
by a spirit of declared hostility to the teachings ojf,med- 
isoval scholasticism — a fact which is nowhei’e more con- 
spicuous than in the writings of Descartes — neverthe- 
less, when they entered upon the theoretical discussion 
of the results of their experiments and observations, 
they unconsciously proceeded upon the old assumptions 
of the veiy ontology which they openly repudiated. 
That ontology — ^founded upon the invotemte habit of 
searching for “ essences ” by the interpretation of 
words and the analysis of the concepts underlying 
them, before the relations of words to thoughts and of 
thoughts to things wore properly understood — ^was char- 
acterized by three great errors : its hypostasis of con- 
cepts (notwithstanding the protest of the nominalists 
against the reification of nniversals); its disregard of 
the twofold relativity ofi all physical phenomena ; and 
its confusion of the order of intellectual apprehension 
with the order of nature. These errors gave rise to a 
number of cardinal doctrines respecting the "substance 
of things,” among which were the assertion of its exist; 
ence as a distinct thing or real entity, apart from its 
properties ; the further assertion of its absolute j>erma- 
nonce and immutability; and, fifially, the assertion of 
the absolute solidity and inertia of its parts and their 
incapacity to act upon each other o&erwise than by con- 
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tact.* A*nd all these doctrines lie at the base, not only of 
Cartesian physics and metaphysics, but of the scientilic 
creed of the fjrcat majority of the physicists of the 
present day. Tlie eminent physicist and physiologist 
who declares that “ before the differentiaj^eqiiations of 
the world-formula could be formed ” [i. e., before the 
ultimate, true, and exhaustive theory of the universe 
coutd*be constructed], “all processes of nature must be 
reduced to the motions of a substratum substantially 
homojgeneous, and therefore totally destitute of quality, 
of that which appears to us as heterogeneous matter — 
in other words, all quality must be explained by the ar- 
rangement and motion of such a substratum,” f 
equally distinguished physicist and mathematician who 
enters upon the attempt at a solution of the problem 
thus stated by endeavoring to deduce the phenomenal 
diversities and changes of the universe from imaginary 
vortical motions of the undistinguishable parts of an as- 
sumed universal, homogeneous, continuous and incom- 
pressible fluid, are both as truly instinct with the spirit 
of the old soientia entis quatmus entis as the most ar- 
dent disciple of the Stagirite in the times of Erigena 
or Aquinas. The physicist who insists upon impact 
theories* of gravitation, cohesion, or chemical affinity, 

* In tliis connection it maj be worth while to direct the attention of 
our modem ** Baconian’* physicists to the fact that the proposition, ac- 
cording to which there can be no physical action without contact, is one 
of the fundamental doctrines of Aristotle. See the references in ZellerU 
PhilMopUe der OrUehen^ Hoond ed., ZTs, p* 2S8, 

^ f " Ehe die Differentislgleichungen der Woltfonnel angesetst werden 
koennten, muessten alle Natmworgaenge auf Bewegungen eines substan- 
tiell untcrschiedslosein, mlthin eigenschaftslosen, Substrates dessen zurucck- 
gefuehrf sein, was uns als yprsdiiedenartige Materie erscheint, mit andem 
Worten, alle Qualitaet muesste aus Anordnung und Bewegung solcben 
Substrates erklaert sein .” — Du Boit-R^ymondy Ueber die Orenzen de$ 
ydtureri^neniy 2, ed,yp, 5, 
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has the same intcUectnal blood in his Teids which 
conrsed in tliose of the old disputants about “ first mat- 
ter ” or “ substantial forms.” When the Professor of 
Physics in the University of Edinburgh teacdies that 
matter is abs^ntely passive, dead,* that all physical ac- 
tion is action by contact, that nothing is real which is 
not indestructiblc,t etc., he stands as unmistakably upon 
scholastic ontological' ground as did Descartes or Sny 
of his ecclesiastical contemporaries. The proposition of 
the modem kinematist, that the tme explanation of the 
phenomena of heat, light, electricity, magnetism, etc., 
consists in their reduction to the elements of matter and 
motion, differs in little else tlian its phraseology from 
the metaphysical theorem that all the “ secondary quali- 
ties ” of the universal substance are mere specifications 
or derivatives of its “ primary qualities.” 

Such being the theme of the little book which is 
now before the reader, it is readily seen that it became 
incumbent on me to establish two main propositions. 
The first of these is the proposition just stated and 
briefiy illustrated, that the general principles of the 
atomo-mechanical theory, which is said to be the basis 
of modem physics, are substantially identical with the 
cardinal doctrines of ontological metaphysics^; ^nd the 
second, that the fundamental errors of ontology become 
apparent in proportion to the advance of physical sci- 
ence, inasmuch as the four great assumptions which the 
atomo-mechanical theory necessarily involves (viz., those 
of the absolute equality, inertia, and rigidity of the ele- 
mentary atoms and of the essentially kinetic charsKuter' 
of all physied energy) are distinctly and irreconcilably 

* Cf. The Uwem Uriivme^%10J^i Tait^ On awm JReeent Advanm 
in Fh^eat JSdefwe^ p. efo. 

f On Sbm JHecent Advances^ e£c.j pp, 14^17, 
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at war with the widest and most tnistworthy cxperi* 
ential indnctions of physics, diemistry, and astronomy. 
In the natural 0 |der of my discussion, the establishment 
of the first proposition would have preceded that of the 
second ; and, when I first undertook to \^te the book, 
I actually began to conform to that order by a brief re- 
view of tlie history of physics from the time of Des- 
carSel A very cursory examinati&n of the Prinoi^ples, 
the Diacmirse on, Method^ and parts of the Meteors, of 
Descdftes, is sufficient to show that, notwithstanding his 
own sincere belief that his philosophical and scientific 
doctrines were thoroughly subversive of Aristotelianism 
and scholasticism, he was at bottom as thorough a scho- 
lastic ontologist as the doctors of the Sorbonne whose 
favors and indulgence he openly courted while he pri- 
vately despised them. And an equally cnrsoiy glance 
at the history of theoretical physics since Descartes’s 
day reveals the fact that the persistent denial of the 
possibility of acHo in distans and tho incessant retipwal 
of the attempts at kinetic explanations of gravity, co- 
hesion, affinity, electric and magnetic attraction, etc., are 
neither more nor less than recrudescences of ontological 
Cartesianism. In the progress of my work 1 became 
apprpheiisive, however, lest my scientific readers should 
be deterred from perusing my, pages by the quasi-meta- 
pbysical aspect of the introductory parts. So I con- 
cluded to reverse the order of the argument, and to 
present the second propositon first. It is not improba- 
ble that this was unwise. For, on the one hand, it has 
led to the strange consequence that the task of review- 
ing tl^ book has generally been assigned to specialists, 
who not only abhor 'metaphysics, but regard as meta- 
physical everything which does not present itself in the 
guise oi a dififerential equation or of an atomic formula 
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— so that the editor of Mmd^ for instance, has enthroned 
in the critical chair a learned gentleman who declares 
that he does not venture an opinion oijl what he terms 
“ the more strictly metaphysical part ” of the book, and 
the whole tdljor of whose discussion shows that he is 
unaware even of the existence bf the science to which 
I attempted to make a contribution, although this sci- 
ence is repeatedly referred to in the very number of 
Mind, in which his* criticism appears, under the- name 
of epistemology ; and, on the other hand, it has bfpught 
upon me the charge of being a more destructioirist who 
fails to understand the laboratory functions of physical 
theories, and who is intent upon subverting these the- 
ories without offering or suggesting others to replace 
them. 

If the foregoing exposition has properly served to 
define the purpose and scope of my inquiry, the reader 
will have no difficulty in seeing that the strictures of 
my critics upon my supposed ignorance of the distinc- 
tion between w'orking hypotheses and ultimate theories, 
and of the “radically different tests of logical cano- 
nicity ” to be applied to them, as well as their animad- 
versions upon my inordinate stickling for “ exi^ous con- 
sistency ” between the parts of a theory in prcference 
to “ its flexile and serviceable adaptability to facts of 
many and diverse orders,” etc., etc., are as irrelevant as 
they arc unfounded. The tone in which these strictures 
are presented, as though they were in any sense refuta- 
tions of the general argument of my book, affords curi-^ 
ous evidence of the confusion which runs riot among 
the theoretical speculationB of modem physidsti^ For 
purposes of practical scientific research the chief value 
of hypotheses or provisional theories lies, no doubt, in 
their capqdty to effect a momentai^ fusion oft experi- 
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mental results ; and the physicist or chemist in his labo- 
ratory may, with a certain degree of safety, either wholly 
ignore the qnestipn of their ultimate validity, or content 
himself with placing it in the distant perspective. The 
primary relation of these hypotheses or tReories to sci- 
entific research is analogous to that of language to the 
ordinary operations of thought : they serve to fix and 
record the results of experiment and observation. But, 
generjdly speaking, hypotheses are more than mere ar- 
bitraijf and artificial devices for the enchainment and 
classification of facts. They are in most cases guesses 
at the ultimate tmth suggested by the analogies of ex- 
perience, and are primarily used as working hypotheses 
only in the sense that they afford a basis for f uriher ex- 
periment and observation whereby their ultimate valid- 
ity is to be established or overthrown. In the progress 
of th 6 various attempts at their verification they are al- 
most always modified and transformed, so as to bring 
them into conformity with the facts. And not upfre- 
quently these transformations are different in different 
departments of scientific investigation, in each of which 
the hypotheses are tested by different methods, and 
confronted with different orders of facts. The result 
is, that in many cases not only serious discrepancies but 
radical inconsistencies are developed between the sev- 
eral forms into which the hypotheses are forced on dif- 
ferent lines of research. A veiy good illustration of 
this is afforded by the hypothetical tether, which has 
j)la35ed a part more or less conspicuous in physical as- 
tronomy, in ordinary physics, and in chemistry. By 
the aBti^uomers, this sether was originally regarded as 
a fluid of extreme tetiuity and mobility, offering no sen- 
sible resistance to the movements of celestial bodies; 
and the question of its continuity or discontinuity was 
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not serionBly mooted. Its main fnnetion in* modem 
astronomy has been to serve as a basis for hydrodynam- 
ical theories of gravitation. In physij^, this fluid for 
some time appeared in several rdlea in connection with 
the “ imponcftjpbles,” some physicists going so far as to 
identify it with one or more of them. But since the 
promulgation of the kinetic theories of these imponder- 
ables, and especially ^ the dynamical theories of *heat, 
it has been in requisition diie% in optics as a substratum 
for luminar undulations. And here, to account {pr the 
dispersion of light, physicists came to insist xfpon its 
atomic or molecular stracture, finding it necessary to 
assume that the particles of the mther were separated 
by finite intervals bearing a sensible ratio to the length 
of a luminat wave. Moreover, they had to endow it 
with an enormous elasticity, so that its resistance to de- 
formation far exceeded that of tho most rigid-elastic 
bodies. But presently, in other departments of phys- 
ics, the admission of the molecular or atomic constitu- 
tion of the aether led to consequences subversive of a 
number of well-ascertained facts, to some of which I 
' have referred in my seventh chapter. And in chemis- 
try, too, it was found impossible to concedq the enor- 
mous elasticily' of the aether without depriving it of 
those' properties upon which its scrviceableness in the 
constraction of chemical theories mainly depended. 
Furthermore, the exigencies of the atomo-mechanioal 
theory have led distinguished mathematicians and pbysi» 
cists to attempt a substitution, for the tradititual.a^ms^ 
of matter, of peculiar forms of vortical motion in a uni- 
versid^ homogeneous, incompressible, and cont^gmous 
material medium, which (unless thef attribute of impene- 
trability is to be dismissed from the concept of matter) 
musty of cOprseybe identical with the ^-pervading sther. 
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Kow, when two hypotheses are radically inconsist- 
ent with each other, one or both of them must eventn- 
ally be discarded* It is true that in certain cases 
hypotheses which have proved to be untenable, may 
continue to be serviceable as “ working hy^heses,” in 
a secondaiy sense, as mere devices for holding together 
facte which have been collected by means of or with 
refereWe to them. So long as they are employed for 
this purpose alone, and with the clear understanding 
that t^ey are not propounded for any other, there can 
bo no ficrious objection to their use. Eut it is other- 
wise when the specialist seeks to obtrude his own par- 
ticular hypothetical figment as a finality upon science 
generally, and to make it the basis of assertions respect- 
ing the ultimate constitution of things, and the nni- 
vcnsal order of nature. It must not be forgotten that 
the several departments of science are simply arbitrary 
divisions of science at larg^ and that their extent and 
limits are representative of nothing more than the ne- 
cessities and conveniences of the division of labor. In 
these several departments the same physical object may 
be considered under difEerent aspects. The physicist 
may stu^^ite molecu,lar relations, while the chemist de- 
termines its atomic constitution. Bat when they both 
deal with the same clement or agent, it can not liave 
one set of properties in physics, and another set contra- 
dictory of them in chemistry. If the physicist and 
chemist alike assume the existence of ultimate atoms 
Absolutely invariable in bulk and weight, the atom can 
not be a cube or oblate spheroid for physical, and a 
spheretfor chemical purposes. And a group of constant 
atoms can not be an* a^regate of extended and abso- 
lutely inert and impenetrable masses in a crucible or 
retort, afud a system^of mere centers of force as part of 
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a magnet or of a Clamond battery. The universal 
ffither can not be soft and mobile to please the chemist, 
and rigid-elastic to satisfy the physicist ; it can not be 
continuous at the command of Sir William Thomson, 
and discontiguous on the suggestion of Cauchy or 
Fresnel.* * * 

I am told that scientific men are fully aware of the 
provisional and tentative character of their theori^,*and 

* Since writing the above I have met with an admirable passage re- 
lating to the same subject in an article contributed by the eminent physi- 
cist, <7. ji, JUm^ to the foi*ty-third volume of the Mintinrea de VAcadhnie 
Koyajte de Belgique^ in which he says: 

** Lorsqu*on voit Tassurance avec laquclle s’affirment aujourd*hui les 
doctrines qui rapportent auz seuls mouvements de Tatome Pensemblc, 
runiver8alit4 des phdnomSnes, on est en droit de s’attcndre & ce qu’il y 
ait unanimity aussi sur les qualitds qu*on assigne & cet 6tre unique, fon- 
dement de toute existence. Or dds le premier examcn des systhmes par- 
ticuliers proposes, on 4prouve la plus 6trange deception ; on B*apcr 9 oit 
qiie i’atome du diimiste, oelui du physicien, celui du m^taphysicien, celui 
du math6maticien . . . n’ont absolument de common quo lo nom ! R6- 
sultaf inevitable du morcellement aetuel de nos sdenccs, chacun, dans 
son easier, se fabrique un atome qui satisfait aux exigences des ph6- 
nom^nes quMl 4tudie, sans s’inqui^ter Ic moins du monde des exigences 
propres aux phdnomdnes du easier volsin. Le m6taphysicien bonnit les 
principes do Pattraction, de la rdpulsion, oomme des r&ves : le niath4ma- 
ticien, qui analyse les lois de I’4la8ticit4, cellos dc la propagation de la 
lumi&re, les admet implicitement, sans mSme les nommer (jamais on 
n*cxpliqucra la propagation lon^jtudiuale des vibrations transvcrsales ad- 
miscs en opttquc, sons rendre les atomes vibrants solidalres par quelquo 
chose d’autre que los atomos eux-mdmes). Le chimistc ne pent expliquer 
le gronpement des atomes dons ses molecules souvent si compliqu^es, 
sans attribner h ses atomes des qualit^s sp^dfiques qui les disdnguent: 
pour U p^yaUien a le mkaphyaicim, partuana dea de^rinea modemea^ 
ViUom eal, au iot^oura at partout la m^me. Que dis-je I oif n’est 

pas plus d’accord dsns uno seule et mtoe sdence sur les qiwlitds de 
l*atoipe; Ohacun le oonstruit i sa guise p^r TexpUcatfon d#t6l ph4- 
tmhBe recitreliit dont U s^occupe en paideaUer.**^-<Jh?«Aerdi«s aapSri- 
fKianUdaa aur h gallon qui exiate antra la tkutanea de Voir at aa ianqatreh 
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CSirefiilly* refrain from making assertions respecting 
their ultimate validity. This is, no donbt, tme as to a 
great number of^ minor hypotheses ; but it is far from 
being tme as to those theories and concepts which are 
the subject of my discussion. If any proof of this were 
necessary, it would be 'afforded by the violence with 
which my assaults ” upon the atomic theory and the 
kinetic theory of gases, and upon the current misinter- 
pretation of the prindplo of inertia which lies at the 
base of the constantly recurring phrase of dead nKfUer, 
etc., have boon repelled. So thoroughly axiomatic have 
the doctrines of the absolutely independent and passive 
existence of matter, and of the constitution of bodies as 
aggregates of absolutely constant physical units, become 
in the minds of modern physicists, that they not only 
regard them as the indispensable foundations of tlie 
whole stractnre of physical science, but do not hesitate , 
to use them as supports for professorial chairs of meta- 
physics, from which they promulgate doctrines , like 
those set forth in the “ Unseen Universe,” or of pulpits 
from whidi they preach dogmatic theology. And no 
thoughtful reader of Du Bois-Beymond's “ Grenaendes ' 
Naturerhermem” or his Sidm, WeUa’aeUhgel^ can be 
in any ^onbt as to the degree of certitude ascribed by 
the Ughest soientifio anthorities to the fundamental 
principles of the atomo-mechanical theory. There are, 
of course, men of sdenee who do not share this confi- 
dence in die absohite and final trath of the theories in 
.qu^tion. Bat the great majority of them deem it a 
sufiBldcnt reply to all soggestioiis respecting their rela- 
tive gr provisional value to point with pride to the 
enormous Baficess wliioh has attended physical researdi 
smee their adoption. In view of this it may be wedl to 
for a moment to what this soccess is really due. 
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AH knowledge results from the establishment of 
relations between phenomena. And systematic knowl* 
edge, aeienee, results from the establishment of definite 
relations between phenomena distinctly and clearly ap- 
prehended. One of the great vices of the old meta- 
physical mo(fo of reasoning w&s, that it operated with 
vague and abstract concepts, without direct reference to 
distinct phenomena.* Hence the conclusions of ''theta- 
physics were as confused, indefinite, and fallacious as its 
premisses. In contrast to this, the empirical mpthod, 
proceeding from the observation of particular facts, and 
basing its cautions and slow progress upon the identifi- 
cation of now phenomena with those previously and 
familiarly known, avoids this vagueness and confusion. 
It is in constant sight, and under perpetual control of 
facts, which act as ever-present checks upon tlie vaga- 
ries of speculation. In a certain sense, the empirical 
method of science conforms to the natural metliods of 
ordipaiy thought and speech. It is a well-known say- 
ing of Aristotle that all thought is a succession of pict- 
ures; and it is a theorem of modem linguistics that 
forms of speech are a succession of metaphors. The 
difference between the concepts and theories embodied 
in the words of a language, and the concepts £nd theo- 
ries of smence, lies in thi|, that the former are grounded 
upon superficial, partial, and often fanciful analogies; 
whereas the latter are based upon wide generalizations, 
or upon classificarimis according to resemblances and 
coxTespondenees evidencing essential and truly sienifi- 
esnt. relations, such as those of origin, s^ctnre, fuD(^ 
^uiyalmiee, and the like. Kow, both the ^bnna- 
tion of oon^lB and words in the evolution of ordinary 
ritought Slid speech, and the constmotbh of physical 
theoed^ jlkre4b^ie to the great structural fiplla(y whh^ 
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I have pointed out in the eleventh chapter, and which 
is dne to the fact that, by comparing and partially or 
whoUyidentifyii^ phenomena t^t are new and strange 
with those that are old and familiar, the first crude and 
superficial apprebensious of fact are ma^e both the 
starting-points and tho ‘'goals of scientific explanation. 
It is tills fallacy which lies at the bottom of the demand 
of Professor Lodge and Mr. MacAllster (to which I shall 
have to refer hereafter), “to see the traces" by which 
the sign’s pull upon tho planets is exerted. Scientific 
theorists, no less than ordinary men, incessantly lose 
sight of the circumstance that, while it is true that the 
advance of knowledge depends upon the progressive 
identification of phenomena, so that the most compre- 
hensive theoiy, the most exhaustive analysis, and the 
profoundest insight can never yield anything more than 
ultimate facts — in which sense it has been well said 
that all science is a classification of mysteries ; — ^never- 
theless, it docs not follow tliat the ultimate fact, wjiich 
lies at the point of convergence of the several lines of 
identification, is necessarily the fact first observed in 
the infancy of human intelligence; but that, on the 
contrary, the highest generalizations and the profound- 
est theories lead to typical facts which are generally so 
obscure and difficult of app];{Bhension, that they are 
brought to light only on the later stages of intellectual 
development. But this very fallacy attending the ha- 
bitual explanation of unfamiliar facts, by reference to, 
wd identification with, old and &mih'ar facte, is to a 
certain extent inseparable from the practical scrviceable- 
•ness o^ordinaiy phyrical theories. It is the indispensa- 
ble prerequisite of &at incessant play of the “ scientific 
imagination," upon which Professor Tyndall disTOurses 
-with so. much eloquence. The sdentific imagination^ 
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DO less than the ordinary phantasy, is restricted to the 
elements famished by sensible experience, which it may 
group and combine, bat can not create.^ Its play, there- 
fore, is vivid, and, as an aid to the prosecution of phys- 
ical research ^which depends largely npon the pursuit 
of the analogies of experience), effective in proportion 
to our familiarity with these elements. This very cir- 
cumstance, however, in most instances, serious}/ im- 
pairs the ultimate value of the theories founded upon 
it. The vivid play of the " scientific imagination ” de- 
pends upon the identification of phenomena with famil- 
iar facts ; the troth of a theory, on the contrary, upon 
their identification with recondite, unfamiliar facts, so 
that the “ sensuous picturability,” as it has been called, 
of a physical explanation is generally in inverse ratio 
to its truth, and the success which has attended the use 
of a particular hypothesis in the progress of a Efpecial 
scientific inquiry, is by no means a proper measure of 
its teal scientific value. 

I have already said that the complaints of my critics 
of my failure to do justice to “working hypotheses” 
are not only irrelevant, but also unfounded. Indeed, I 
am wholly at a loss to see what justification there is in 
the pages of my book for the charge of the reviewer in 
the IJ'ew York “Hatiop,” that I fail to comprehend 
that physical theories are “mere formal, explanatory, . 
didactic devices” ; that “atomism is a symbolical, and 
latOT a graphic, system, which might almost be visual- 
ised illus^tively for specific purposes ” (so that^ as it 
IFonld ahem, there are, in the opinion id our critic, 
gcaphiq; vsystmns that can not be “illustratiTel^ vistud- 
iiiea”)$:’etc4cte. & the seventh end eighth chapters of 
this yeduine 8S and lOdr-llfi) the reiser will meet 
Aemewhat careful esposUion ci the 
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foDCtion’of a scientific hypothesis ; while the concluding 
Chapter (pp. 295-299) contains an elaborate discussion 
of the necessity and value of provisional explanatory 
devices. And on page 101 he will find this language 
respecting the atomic theory: 

“The foregoing cdhsiderations do not, of eonreo, 
detract from the merits of the atomic hypothesis as a 
grajrhic or expository device — ^as *an aid to the repre- 
sentative faculty in ‘realizing* the phases of chemical 
or pl^vsical transformatioiL It is a fact beyond dis- 
pute uat chemistry owes a great part of its practical 
advance to its use, and that the structural formnlse 
founded upon it have enabled the chemist, not merely 
to trace the connection and mutual dependence of the 
various stages in the metamorphosis of ‘elements* and 
* compounds* so called, hut in many cases (such as that 
of the hydrocarbon series in organic chemistry) suc- 
cessfully to anticipate the results of mqperimental re- 
search.’* , 

1 hope that no presumption, either of ignorance or 
of a want of literary taste, arises from the fact that 1 
failed tb anticipate the peculiar phraseology in which ' 
my critic sees fit to paraphrase my own words, when 
he speal&of the “flexile and serviceable adaptability [of 
a theory] to many and diversejorders,’* notwithstanding 
their want of “exign< 7 ti 8 consistency,** and of the “radi- 
cally different tests of canonicily ** (whatever that may 
mean) to be applied to “a material, a working, and an 
ultimte hypothesis.** * 

. the Immoni of uodem criticbm, It ta/ty bo, 

Uoiiied tipt my oritto in “ The Kothm," in infanadvortlng upon my treat- 
ment of the.doetrhMR of pangeometry, hae tbio paeaago : 

^ ■ J[ttA(wpftAo«<brjSI(iM9/,lieliaenoteTaqpedOifipt7oheiQg^ 

Wdved in a geottetrjr iritboat pamllolB,’' 

AmltUa tb» ao donbt, infer that mjrsdfia heidl Nni 
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I NOW come to the consideration of the objections 
which have been nrged against the ptbmisses and con* 
closions of 4ny general argument. The persons bj 
whom these bbjections are made may be distributed 
into two classes: Those belonging to the first class ad- 
mit that the atomo-mechanical theory is generally held 
to be the basis of modem physics; but they deny, 
mther that the four propositions which 1 have enumer- 
ated as necessarily involved in that theory— ^otably 
the first, second, and fourth — are essential parts or con- 
sequences of that theory, or that the facts established 
by modem physical research, and the generalizations 
based upon these facts, are in conflict with them. The 
objectors of the second class, on the contrary, dispute 
the general thesis that modem physics profess to be 
founded on the theory in question. 

In reference to tire objectors of both these classes, 
but especially those of the first, it is to be sard, at the 
outset, that the professed antagonism of science to meta- 
physicai speculation has led the majority of scientific 
specialists to assume that the methods and results of 
empirical research are wholly independmit df«the con- 
trol of the laws of thought. They either silently ig- 
nore, or openly repudiate, the simplest canons of logic, 
including the laws of non-contra^ction and excluded 

Stones twdc, and wu funifiar with ita oontenta. Now, tho fact li, 
that die book ta question treats of a subject whdly fiireiga to tj)e pq^* 
geametnieal qnesthm,aiid its author does not make the most distant 
ndeireiioe.' to say ot the ‘‘problenu iuToIred in a geometry wiUio&t 
patdleli^’' or to any to^ the discussion of jshldi could tluow^he tidn^ 
est light on iradi a "problem.” No one would be moee asteoUhed than 
. ])^,Btam^ if he saw the wticle in “ The Nation,” and found tiimadf 
fftfid as sn authiMity.qn tim atti>jeet of a v geometry without pptsUets.” 
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middle, odd resent, with the utmost vehemence, every 
application of the rale of consistency to tlioir hypotheses 
and theories. They are apparently without least 
suspicion that not only the tlieoretical evaluation of tho 
data of experience, but experience itself, i^ impossible, 
except on the assnmptibn of definite, umversal, and 
inexorable laws of cognition, and that, but for this 
assumption, the framing of hypotheses and theories is 
utterly senseless and vain; and they regard an exami- 
nation.of their hypotheses and theories, in the light of 
these laws, as an impertinent intrusion of a priori 
principles and methods ” into the domains of empirical 
science. Persons of this cast of mind find no difiicalty 
in holding that atoms are absolutely inert, and, at the 
same time, assorting that these atoms are perfectly 
elastic; or in maintaining that the physical universe, 
in its last analysis, resolves itself into “ dead ” matter 
and motion, and yet denying that all physical energy is 
in reality kinetic ; or in proclaiming that all phenomenal 
differences in the objective world are ultimately due to 
the various motions of absolutely simple material units, 
and, nevertheless, repudiating the proposition that these 
units are e<^l. 

An amiable illustration of all this is afforded by 
Mr. Donald MacAlister, who, {^ously enough, vmtes 
the review of my book for a journal which, ac- 
cording to the announcement of ite title-page, is a 
“ Quarterly Beview of Pi^chology and Philosophy.” 
1^. If a cAlis ter denies the first two propositions of the 
atcHno-meohanical theoiy, i. e., those asserting the equal- 
ity of ^e elemwts of mass, and their rigidity. He 
asks, ^*on what gronlidB” tliese propositions are ad- 
vanced as essential doctrines of modem physics,” and 
pdnts C]tii that the immber of scientific men whosq 

• fl » 
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writings I quote in support of them is, after" all, com* 
paratively insignificant. Ho evidently thinks that the 
only ground upon which 1 assert the propositions in 
question to ^ essential parts of the atomo-mechanical 
theoiy (not o^ modem phyaioay as my critic has it) is, 
that they are broached by certlsin prominent scientific 
men. “ It would be easy,” he says, ** to name half a 
dozen, with Maxwell and Thomson at their head, who 
theorize as if the exact opposite were the truth.”. Now, 
Mr. MacAlister will, no doubt, bo very much,aston> 
ished when I tell him that this accords precisely with 
what 1 say, viz., that these propositions are not held by 
the great body of scientific men who theorize in the 
presence of the facts, for the simple reason that the 
facts are inconsistent with them. What I maintain is, 
that the majority of physicists hold a general doctrine 
which I designate as the atomo-mechanical theory, from 
which these propositions inevitably follow ; but that, 
when they construct their special theories, either by 
generalizing the facts of experience, or by framing hy- 
potheses to account for them, they arc constrained to dis- 
card and repudiate that doctrine. The authorities ad- 
duced in support of the several “quadrilateral” propo- 
sitions were cited simply for the. purpose of showing 
that these propositions are recognized as necessary cor- 
ollaries of the atomo<nechanical theory by clear-headed 
men of scienee who do not diare the delusion that sd- 
cnee requires, not merdy the substitution of empirical 
. reseatdi for the old attempts at reaching physical 
by an analysis qf ontological concepts, but also re- 
jection of:the canons of lo^e. 

- i inay eay here, hiddent^y, that the number of 
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lieen extended. Among those, for instance, who assert 
the equality of the elements of mass, is Professor Emil 
Du Boig-Beymond, as appears from the passage I have 
already quoted in this introduction for another purpose. 
And in France, not only the well-known eiplicit decla- 
rations of M. Marignac, but also the ceaseless recurrence 
among French physicists and chemists of the attempt 
to eiSbibit the chemical elements a6 compounds or allo- 
tropic iorms of some single element, afford striking 
proof, of the logical constraint, resulting from the 
atomo-mechanical theory, to reduce the primordial 
atoms to uniformity and equality.* 

While Mr. MacAlister denies that modem physicists 
assent to the first and second propositions of the atomo- 
mechanical theory, he admits that they insist upon the 
third and fourth. But here he contests my assertion, 
that these propositions are in confiict with the teachings 
of the sciences of physics and astronomy. He concedes, 
indeed, that thus far no attempt to account for gravita- 
tion, without assuming action at a distance, has met 
with success ; but he contends that there is promise of 
such success in the vortex-atom theory of Sir William 
Thomson, my criticism of which he deems wholly in- 
adequate* and inconclusive, because it is, as he asserts, 
ontological and based on a ^Triors considerations. Mr. 
MacAlister’s treatment of this subject is so characteristic 
of the confusion of modem theorists, who insist upon 
reducing all physical action to impact, that it is, per- 
lups^not impropw to examine it at some length. 

* One at endouB uiiiiiadrenbms of Ur. UaoAlbter that I 

quote aoiBe of the dedvatiois of sden^o mea reepedttiig the equality 
ctf the eloiBenta of mam from magadse artidea I im hapiv to inform 
iSm.thrn he may now read the opinions Fiofesaor Wundt in a bnil^ 
Tolumer^t E of hia **Iiagik”—irbiob has |mt left the press. 
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Mr. MacAlister enforces and illustrates bis claim^ 
according to which no theoiy of gravitation is valid 
which does not account for it upon the principles of 
impact or pressure, by the following quotation from a 
lecture of Professor Lodge : 

If a man e 2 q>]ained the action of a horse on a cart by saying 
that there was an attraction between them, varying as some high 
direct power of the distfince, be would not be saying otb3i*than 
the truth— the facts may be so expressed ; but he would be felt 
to be giving a wretchedly lame explanation, and any one who 
simply pointed out the traces, would be going much more to the 
root of the matter. Similarly with the attraction of a nffagnet for 
another magnetic pole. To say that there is on attraction as the 
inverse cube of the distance between them, is true, but it is not 
the whole truth ; and we should be obliged to any one who will 
point out the traces, for traces we feel sure there are.** 

The passage here adduced is followed, in Professor 
Lodge’s lecture, by others which Mr. MacAlister does 
not quote. The lecturer proceeds to say, among other 
things, that — 

A pull resolves itself into a push; to pull a thing toward 
you, you have to put your finger behind it, and push ; a horse is 
said to pull a cart, but be is really pushing at the collar; an en- 
gine pushes a truck by means of a hook and eye, and so on. There 
is still the further eery important question as to tbley the parts 
hang together^ and why^ when you push one part^ the rest follows. 
Cohesion is a eery strihing fact o^nd an explanation of it is much 
to he desired, I shall horse a little more to sap about it later; at 
present we haste nothing more than an indication of the direction 
in which an explanation seems possihle,^^ 

In wother place in the same lecture : 

^ Uetaphysloal arguments, in so far as they have any weight 
or validity whaievw, are nnoonsoions ^appeals to expeitoioe; a 
parson endeavors to find out whether a certain condition of thihgs 

» « Nature,’* vol. xxvii, p. 804^ 
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is by him conceivable, and, if it is not conceivable, he has some 
prima facie ground for asserting that it probably does not exist. 
... If a highly-developed mind, or set of minds, find a doctrine 
about some compafatively simple and fundamental matter abso- 
lutely unthinkable, it is an evidence, and is accepted as good evi- 
dence, that the unthinkable state of things has ^o existence ; the 
argument being that, if it 8id exist, either it, or something not 
wholly unlike it, would have come within the range of experi- 
encGlf •We have no further evidence than this for the statement 
that two straight lines can not Inclose a space, or that three an- 
gles of a triangle are equal to two right angles.’’ 

And thereupon, toward the end of his lecture, Pro- 
fessor Lodge indicates that the expiation of cohesion, 
as well as of gravity, is to be looked for in the vortex- 
atom theoty of Sir William Thomson. 

Kow, what is the gist of all this reasoning? Why 
is it necessary, in the opinion of Professor Lodge and 
Mr. MacAlister, to ** point out the traces ” in account- , 
ing for gravitation? Obviously for no other reason 
than this, that every true account of a. physical j)he- 
nomenon is, in its nature, an exhibition of its identily 
with some familiar fact of experience. In the language 
of Newton, the cause to which it is referred must be a * 
vera oatua. Adio in distansy according to the claim 
of ProfSssor Lodge and Mr. MacAlister, is not a fact 
of familiar experience — ^indeed, it is not, in any proper 
sense, a fact at all — while a pull, by means of a con- 
tinuous line, the parts of which cohere, or rather a putii, 
by means of a continuous rod, is such a fact 
^ In discussing this, 1 will not stop to inquire whether 
it be true or not that distant action is not a familiar 
fact; §r, indeed, whether we have any experience of 
physical action which, on dose examination, does not 
resolve itself into adio in dintam. I will content my- 
self wi(h inquiring whether <a not the elements of tiie 
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Tortez*atom theory are familiar, or oven possible, facts 
of experience. For, if they are not, clearly that the- 
ory is obuoxions to the same criticism which is said to 
invalidate the assumption of actio in distam. 

The medium in which the vortex-movements arise 
is, according to Professor Lodge’s own express state- 
ment,* “ a perfectly homogeneous, incompressible, con- 
tinuous body, incapable of being resolved into i^mple 
elements or atoms ; it is, in faet, continuous, not mo- 
lecular.” And, after making this statement, Prp/cssor 
Lodge adds, “ There ie no other 'body of which we can 
say this, and hence ^ the ;pro]perties of the celher mvM be 
somewhai different from those of ordinary matter^* 
It appears, then, that the whole vortex-atom theory, 
whi^ is offered to ns as a substitute for the “ meta- 
physical theory” of actio in distanSy rests upon the 
hypothesis of the existence of a material medium which 
is utterly unknown to experience, and which lias prop- 
ertiQB somewhai^ different from those of ordinary mat- 
ter. Hence this theory, instead of being, as is claimed, 
a reduction of an un&miliar fact of experience to a 
familiar fact, is, on the contrary, a reduction of a fact 
which is perfectly familiar, to a fact which is not only 
unfamiliar, but wholly unsown, unobserve^,*'aad un- 
observable. . 

Furtherinorc, the alleged vortical motion of, or rather 
in, the assumed lethereal medium is, as I have shown 
on pages 48 and 44 of this volume, impossUbte, because 

* “ Td. xrril, p. 808. * . • 

fjSNiMwAirfdiitmntl The real import of this “somewliat’*' is, tbat 
He aefflam 1« ^oestioa is not, in uy intelligible sense, material at all, 
iiSTtag noao .of the properties of matter. the prc^ierties St matter 
d^^^.i^on ilifferenoes and changes, and ^ hjtpothetioH astber here 
deitosd is ihrt wif dostitote «d ihlfetcines, bnt Inoapable ofdiflereaee iind 
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« motion *ia a perfectly homogoncoos, incompressible, 
and therefore continuous fluid, is not sensible motion.” 
Mr. MacAlister again attempts to break the force of 
this simple and obvious reflection, by stigmatizing it as 
“ ontological,” and (in his ignorance of the*meanings of 
ordinary logical and psyhhological terms, construing the 
word aensiUe as denoting simply what can not be feU) 
admbflishes me that, on proper occasion, ‘‘the impact 
of a Tortex-atom stick on a vortex-atom head may quite 
well give rise to the idea of ‘ sensible motion ’ in the 
head.” • But, if he vdll refer once more to Professor 
Lodge’s lecture, he will find that his authority, in one 
of the passages just quoted, distinctly sets up the cri- 
terion of conceivability as a test of probable or possible 
existence; and even contends that by this test alone 
can we establish the truth of a geometrical proposition. 
What is not thinkable can not, according to the doc- 
trine of Professor Lodge, be true. In the light of this 
doctrine let us examine, then, whether or not mqtiqp in 
an absolutely homogeneous, continuous, and incompress-, 
ible medium, is thinkable. 

Observe : it is not some thing or body distinct from * 
the medimn whoso motion is to be conceived; it is 
motion of and in the medium itself. Kow, the con- 
ception of real (i. e., sensible), motion of necessity in- 
volves three distinct elements, viz. : a moving thing or 
lody ; a place from which it movee; and a place to 
whi(^ it movee. And these elements or data are pre- 
rggt^tes to the conception, and, therefore (according 
to Professor Lodge’s own mteria), to the possible re- 
ality 0^ motion. They must not only be discriminated 
by some mark or attribute from the medium in which 
the motion occurs, but they must be so discriminated 
. before occurrence of the motion, and independently 
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of it ; their identification can not be the result of the 
motion itself. But all this is expressly negatived or 
precluded by the hypothesis of the absolute homoge- 
neity, continuity, and incompressibility of the medium, 
and of the to^ absence of any thing or physical entity 
which could serve as the identifiable substratum of mo- 
tion, or as an object or point of reference. It is mani- 
fest, therefore, upon *the considerations presented by my 
critic and Professor Lodge themselves that, wherever 
the vortex-atom theoiy may land us, it certaitjjy does 
not land us anywhere in the region of physics, or in 
the domain of verm eauem. And I may ^d that, inas- 
much as the hypothetical undifferentiated and nndiffer- 
entiable medium is dearly an involuntary reification of 
the old ontological concept jmre the theory un- 
der discussion has all the attributes of an inapprehen- 
sible metaphysical phantom. 

It ought to be noticed, perhaps, in passing, that the 
ailment just presented, from my critic’s own premisses, 
against the possibility of actual motion in the hypotheti- 
cal medium, is a valid argument, although one of these 
premisses — the doctrine of Professor L^ge that incon- 
ceivability, or “unthinkablenesB,” of a part^nlar state 
of things by a “highly-developed” mind, or ^up of 
mind% is proof of its iqpoeeibility — ^is unsound. As I 
have shown, in the nin& chapter, inconceivability is 
proof of impossibility only in case the concept at- 
tempted to be formed requires the union of contra- 
dictory attributes. The attempt to conceive motion 
tahiTig plaoe in the medium referred to obvioudy pre- 
sents that case : in asserting that its parts are papable 
of real motion, it impliedly inve^ the medium with 
attributes of which it is expressly deprived by the 
tixms lty -igrhi^ done it b defined ^ « 
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Having disposed of the objections of my critic in 
Mimd, so far as, in my judgment, they are deserving of 
notice, I proceq|i to consider another objection which 
has been uiged by certain specialists : the denial of the 
necessity of attributing elasticity to the pltiraate atoms 
of matter. It is said that all that is required to be as- 
signed to the ultimate atoms is, “ an insuperable repul- 
sive* fbroe.” The first obvious reflection respecting this 
claim is, that an indefinite, insuperable foi^, if it be a 
real fpjrce of repulsion, and not merely a passive resist- 
ance to>intmsion into the space occupied by the atom 
(i. e., impenetrability), is inconsistent with the conserva- 
tion of energy. If, on the other hand, it is a definite 
mechanical function, it is clear that such a force is but 
another name for elasticity, and that the proposed sub- 
stitution of a new name for the old one docs not, in the 
least degree, affect the validity of my argument. There 
are physicists, however, who imagine that the fact of 
resilience in cases of atomic impact is compatible with 
the theory of the absolute rigidity of the atoms ; and, 
in support of this proposition, they invoke the authority 
of Dr. G. Luebeck * and O. E. Meyer.f But, on exam- 
ination o:^ Dr. Luebeck’s article, it appears that he 
recc^izra the necessity of attributing elasticity to the 
atoms, if they are regarded as Jodies, and seeks to avoid 
this necessity by contending that they are not bodies, 
asserting tliat, in view of this f^, it follows from the 
formulm respecting the impact of both clastic and in- 
ejgatjo bodies, in conjwiction with Ihe prineijpU of the 
conaermUm <f vie viva, that the impact of atoms must 
result |n resUienee. Stated in simple words, his aign- 

* « Abloitung des elftstiechen Stosaes sweier Atcme ava meohaniaeben 
Fri&ctpien,’* Schloemilch^a Zoitaohrift f. M. ti. P., xzii, m, 

f Die ^inetiache Theode der Gase, tiiitd edition, p. 287, nq. 
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ment is that, inasmuch as in the case of the iinpact of 
ordinary rigid bodies consistiug of parts, the translatory 
motion of these bodies may be converted into molecular 
motion, and inasmuch as such conversion is impossible 
in the case of simple atoms, therefore it is necessary, 
under the coercion of the principle of the conservation 
of via viva, to frame a concept of the atom which in* 
eludes the attribute o*f resilience. It is hardly neco^ary 
to observe tliat this is not a refutation but an enforce- 
ment of the doctrine according to which the ultimate 
material constituents of a body must have the property 
of elasticity, because without it their collision would be 
destructive of eneigy — ^that the absolute inertia and 
rigidity of these constituents is inconsistent with the 
conservation of energy. This evidently has not wholly 
escaped the apprehension of 0. £. Meyer ; for, though 
he refers to Dr. Luebeck’s article, he observes that, in 
his opinion, the simplest and most probable supposition 
is that, at the moment of the impact of oAadlutdy 
rigid hodiea, tficir rigidity and the impoaatbUity of 
oompreaamg them rndderdy give riae to a repellent 
' force” * Of this strange theory it is sufficient to re- 
mark that, if projectile forces can suddenly and spon- 
taneously arise upon the mere contact of hartl bodies 
from the impossibility qf compressing them, we have 
sources of physical energy which will very materially 
extend the catalogue of Sir William Thomson. 

The last objection which 1 propose to consider is 
very strenuously urged, not only by opponents Jb^t 

* . . . bel dem Hossminenstou obndut barter Eoerper, aas deraa 
. Haertit iotl dsr tlamoeglicbkdt de nuamiieiundniedken, im Vomate 
dee StosnisfloetelitlieiaieairtteolcstoaMtde Kraft eiUateht. Oieletetere 
, • AntiabSM halteiIcbfBer die etafaehata aid wahwoheinlkaite. £oe.aU^ 
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ako by ddherents of the atomo-mechamcal theory, and 
oonaiste in the denial of my statement that, in the light 
of that theory, all potentiid energy is in reality kinetic. 
Those who urge this objection do not attempt to show 
that there is any escape from this proposition, if all the 
phenomena of the world are nltimately resolvable into 
matter and motion, and if matter is absolutely inert, 
de<^? l^evertheless, they say that the proposition in 
question is the ill-considered and hastily-formed' opinion 
of Professor P. G. Tait, for which physicists generally 
are nbkto be held responsible. 

Now, in the first place, the opinion of Professor 
Tait is neither ill-considered nor hastily formed. That 
it is his deliberate opinion appears sufficiently from the 
fact that he has very recentiy repeated and enforced it 
by now considerations in the article on Mechanics” 
contributed by him to the ninth edition of the “Ency- 
clopaedia Britannica.” And, in the second place, he is 
by no means alone in that opinion. One of- the .most 
noted physidsts and chemists in the United States is 
Professor G. F. Barker, of the University of Pennsyl- 
vania, who, in the address ddivered by him as retiring' 
President of the American Association for the Advance- 
ment of Science, in 1880 , said : * 

« As defined hitherto, energy ia either motion or potition; is 
kinetic or potential. Energy of position derives its valne obvi- 
ously from the fiset that, in virtue of attraction, it may become 
energy of motion. But attraction implies action at a distance; 
and action at a distance implies that matter may act where It is 
1181!* This, of course, is impossible ; and hence action at a dis- 
tance, and with it attraction and potential energy, are disappear- 
ing f)^ the luignage of srience. . . . Slow, as Fresttm has sug- 
gested, if we regard tbh sstber as a gaa, defined by the kinetic 
theory that its molecules move in straight lines, but with an 

Sdenw Mauthly,” October, 1860, pp. 766, 767. 
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enormons kngth of free path, it is obvious that this cether may 
be clearly conceived of as the sooroe of all ordinary matter. It is 
an enormous store-house of energy, which is continually passing 
to and from ordinary matter, precisely as we (mow it to do in the 
case of radiant transmission. B^ore »o simple a eone^tion as 
fAfr, both potential energy amd action at a distance are easily 
ffi/een up. All imrgy is Hnetie energy^ the energy of motion^'* 

And in England we have Herbert Spencer, who, 
though not a professional physicist, is regarded! t)y a 
great number of eminent men of science as the highest 
authority on matters like that now under discgiBsion. 
Wliile he is generally at war with Professor Talit, he is 
in full agreement with him here. In the " Appendix ” 
to the fourth edition of his ‘‘ First Principles,” * Mr. 
Spencer, replying to certain criticisms of Professor 
Birks, says : 

NTow, the tacit implication here is, that I accept the doc- 
trine of potential energy. ... In the first place, I have to ask 
on what authority Professor Birks assumes that 1 hold the doo- 
trine^of potential energy in the way in which it is held by those 
named ? . . . In the chapter on * The Continuity of Motion,* 1 
have, at considerable length, given reasons for regarding the con- 
. ception of potential energy as an illegitimate one ; and have dis- 
%nctly stated that I am at issue with scientific friends on the 
matter. ... Let me add that my rejection of thi%d^trine is 
not without other warrant than my own. Since the issue of the 
last edition of this work, . . , Mr. James Oroll, no mean author- 
ity as a mathematician, and a physicist, has published, in the 
* Philosophical Magasine ’ for OctoW, 1876, page 241 , a paper in 
whic^ he shows, I think ponoluslvely, that the commonly accepted 
view of potential energy con not be sustained, but that energy 
invariably ^ains actual.*^ 

Althougih, as 1 have said, the deuial of the essen- 
tially kinetic character of pbyiriqal energy pr8oeeds, 
uot Quly from those vrho reject the atomo-mechanfeal 
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theory, bht likewise from many who recognize it as the 
true basis of modem physics, yet this denial, on the 
whole, is the point of divergence between two distinct 
schools of pbysi^ts. With few exceptions, the adher- 
ents of both schools agree in regarding the ultimate 
constituents of the material world as absolutely indivisi- 
ble, inert atoms of invariable mass and volume, whose 
constancy in number (in conjunctibn with that of mass 
and volume) constitutes the conservation or mdestrncti- 
bility of matter. In order to account for the diifer- 
ences al^ changes in the material world, this inert ele- 
ment, matter, obviously requires to be supplemented by 
another element; and this element, according to the 
adherents of the atomo-meohanical theory, is motion, 
whereas, in the view of its opponents, it is force. This 
force is assumed to be an independent, substantial en- 
tity, which is not a property of matter, nor essentially 
related to matter, otherwise than by its power to act 
upon it. Force, it is said, resides, not in the atoms„but 
in the space between them. The most distinguished 
representative of this school is G. A. Him, the well- 
known author of the Theorie Mieanique de la Chode/wr, 
in whose writings the independent substantiality of 
force is ktated and illustrated in a variety of ways, of 
whidi the following may serve as an example : * 

“The question,*’ says H. Him, “bronght to its simplest ex- 
pression, redaoes ithelf to the inquiry, Whether force resides only 
in the atom, or ontdde of itt . . . Is force in the material atom, 
or inj&e space which separates two atoms f . . . By the aid of the 
data of the mechanical theory ci heat have demonstrated that 
ntatter can not be .regarded as infinitely divisible; that the atom 
oif the chemists is not an^en^ of pure Convention, and simply 

* flhlBoiephlqiiu «t fa 
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an explicative device, but that it exists really, that its volume ia 
absolutely unalterable, and that, consequently, it is not elastic. 
Force, therefore, is not in the atom; it is in the epaee which 
separates the atoms from each other.’* 

In the light of this doctrine gravitation, cohesion, 
affinity, etc.,*are, of course, not due to any real actio in 
distana exerted by the atoms upon each other, but to 
the forces which cbntinuously fill the spaces betfWeen 
them. To what remarkable consequences this.theoiy 
leads, may be seen from the article of Dr. James Croll,* 
already referred to, in the quotation from the Appendix 
to the “ First Principles ” of Herbert Spencer, in which 
it is said : 


** The fact that gravity increases inversely as the square of the 
distance may be regarded as evidence of the truth of the views 
advocated by Faraday, Waterston, and others, that it is a force 
pervading space external to bodies, and that on the mutual ap- 
proach of the bodies the force is not increased, as is generally 
supposed, but the bodies merely pass into a place where the force 
exists with greater intensity. . . • When a stone, projected up- 
ward, recedes from the earth, its eit vi/oa is transferred to space, 
and exists there as gravity. When the stone approaches the 
earth, the force existing in space is transferred back to the body, 
and reappears as me viva.'^ 

I cite these passages for the purpose, not'of entering 
upon a lengthy discussion of the doctrine set forth in 
them, but simply of indicating its character. There 
are two suggestions respecting it, however, which I de- 
sire to make in passing, without dwelling upon them;* 
The first is, that the substaniialization of force here 
presented rests upon an oblivion of th0 fact thar'all 
force is essentially a stress—an action between two 
l^es. t'he other suggestion isPthat, if the increase of 

* Onll, Oh (he IThanefmnaHon ef oiwniy^ Phil, Motff, [F], vcL U, 
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the velocity of falling bodies is due to the circumstance 
that they pass into places ‘‘ where the force exists with 
greater intensity — if bodies projected against gravity 
transfer their via viva to space where it is left as force^ 
and take it up again, reconverting it intd via viva as 
they return to the sanfe points, it follows that each 
point in space has an infinite store of forces of all de- 
grees ef intensity, so as to supply the countless bodies 
gravitating toward each other in all directions and from 
all distances, each with the amount of gravitative force 
due to it at that point.*^ 

It is proper to observe here that, while the substan- 
tialization of force is, in my judgment, an ontological 
error, nevertheless the objections urged by M. Him and 
others to the assertion that the phenomena of the uni- 
verse can be reduced to the motions of inert atoms, 
appear to me worthy of the most serious attention. M. 
Him has recently, since the appearance of the first edi- 

* The blindness of eminent phj^cists to some of the most obvious 
consequences of their own theories is marrelous. On page 64 of this 
volume I here cited the twmity-first query appended . by Newton to his 
Opticks,” in which he suggests an explanation of gravity cm the suppo- 
eition that the attracting and attracted bodies are surrounded by sathercal 
media inoreo^g in density from the centers of such bodies outward. 
Now, nothing seems to be more manifest than that this theory requires a 
separate and distinct medium for each Jbody, and that a sin^e medium 
surrounding all bodies can not possibly bo so constituted as to increase in 
density from the center of each body outward. A similar observation 
applies to many of the assumpUons respecting the constitution of the 
ssther, udiich have been made to account for the phenomena of cohesion, 
cheSMsal affinity, etc., including those of M. Cauchy in his UlmArt 9 ur 
la duperaha de la lumilre, Mr. Walter B. Browne, in a very thoughtful 
essay on Action at a Distauec Uag,^ December, 1880), has pdnted 
out that fte several kinetic t)ieorieB of gravitation, cohesion, xaagnetisin, 
reqnire a different smd distinet **.gravity>ga8,** ** oidiesion-igas,’* ^ msg- 
netism-ga^” etc., for each of the phenomena soa{^t to be explained bj 
the ffieof^of impacti 

- D 
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tion of this volume, published an article ou the*^ults of 
a series of experiments made by him to determine tbe 
relation between the resistance of tbg air and its tem- 
perature,* ip which be arrives at the conclusion, on ex- 
p&nmental grotmda, that the kinetic theory of gases, 
and “all explicative hypotheses which pretend to ac- 
count for the phenomena of heat by the motions of 
ponderable atoms,” are untenable and must bd abauT 
doned. He shows, by an analysis and development of 
the formulae of Glausios himself, that, according to the 
kinetie theory of gases, the resistance of air^^or any 
other gas) to the motion of a body is not merely a mo- 
dieOe or indirect function of its temperature (i. e., by 
reason of the effect of variations of temperature upon 
the density of the gas), but that it is an immediate or 
direct function of the temperature — otherwise expresi^d, 
that in gases of constant density the resistance neces- 
sarily varies with the temperature, if tbe kinetic theory 
be true ; whereas, on the contrary, it is the unquestion- 
able result of four distinct lines of experiment that, in 
&ct, the resistance does not vary with the temperature 
so long as the density remains the same. To leave no 
doubt as to the comprehensiveness of his jrroposition 
that “the pressure and temperature of a gw do not 
consist in the motions, of material atoms,” M. Him 
adds: “I say uihaimer may Be the natwn of the molAon. 
For the rectilinear and trandatory motions postulated 
in the particular theory we have discussed [the kinetic 
the^ of Clausius], we may substitute any ptheyjpo- 
a^^udrle motion: vibratory motion, gyratory motimi 
{molecular vcnttces), . . . the moment these paotiomr 
tihxnlate a r^ulsive fotee they idodify in the same way ' 
tire Ivw cf resistanoe in gases and va^rs.” 

' * I ft iMj w ife Soj/aie ^e M$iguef tciiia. XlBl. 
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A oErnoAi. j>bser7ation has been made by persons 
who correctly apprehend my purpose, an4 are more or 
less in sympathy with it, that should i\pt, perhaps, be 
passed without notice.* The obsenration is, that the 
nature of my inquii 7 is, after all, metaphysical, and 
that T am wrong in identifying metaphysics with on- 
tology. 

T])e question thus raised relates exclusively to the 
proper* use of terms. It is not denied that, up to 
a very recent period, the speculations commonly des- 
ignated as metaphysical have proceeded upon onto- 
logical assumptions. But it is asserted that there is 
a “new metaphysic ” which has discarded these as- 
sumptions, and which, though abandoning the old 
lines of purely speculative reasoning, and resorting to 
methods of investigation that have been accredited 
by their results in special departments of science, nev- 
ertheless aims at a solution of many^ if not all, of 
the old problems of metaphysics, or at least at a de- 
termination of the limits within which a solution is 
possible^ , 

I can not but think that this attempt to retain an 
old name for an essentially new thing is unfortunate, 
because it leads to intolerable confusion. A veiy sig- 
nal illustration of this is aSordedl by the fate of Kant. 
It was the distinct and avowed purpose of the OriMque 
ofJPvre BeoMn to demonstrate &e utter futility of 
metaphysical speculation as it existed in Kant’s time; 
and yet, Ify. reason of his retention of tiie term “meta- 
physios” to denote thh inve^gation of the laws which, 
in his view, were not re^ts but oonditiona of expeii- 
eno^ he is constanliiy (and not wholly without justice) . 
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assigned to the ranks of the ontological metaphysi* 
dans.* 

But, while I am at issue on thii^ point with the 
modem vinijicators of the name and authority of met- 
aphysics, I aqi in entire accord with them when they 
maintain that physical sdence’can not be permanently 
constructed from the erode results of experiment by the 
mere aid of mathematical operations. There is'a'cur- 
ront saying that every problem in physics abuts upon a 
problem in metaphysics. The real import of tjjiis say- 
ing, I take it, is that the ult i mate interpretation of the 
data of experiment and observation involves questions 
which can not be answered by the balance or retort, or 

* Mr antagonism to metaphrsics has produced an impression in the 
minds of some of my readers that I am at bottom an adherent of the 
** positivistic ’’ philosophy of Comte ; and passages are cited from Comte^s 
writings which are analogous to certain propositions in my ninth chapter. 
There is no doubt that Comte has the great merit of having brought 
Bomq,of the fallacies of metaphysical reasoning into clear relief; and, if 
it be true that be was unacquainted with the writings of Kant, some of 
Ills statements are very remarkable. It has sometimes appeared to me 
that his English critics, In protesting against the imputation of Comtism, 
have failed to do turn full justice in this respect. But it is proper to say 
that I am not, so far as I am aware, indebted to Comto for 'any of the 
elements of my disohssion, and that the propositions which W In substan- 
tial accord with his writings are simply part of the modem tlieory of Cog- 
nition, whose fundamental prin^ples arc so familiar to those who are oo- 
quaintod with that theory, that no one, at this day, thinks of citiag author- 
ity for them. The difScully with the French adherents of Comte is that, 
with low exceptions, they are strangers to the logical and epistemological 
discussions that have been carried on in Germany since the days of Kant 
and Fries, and therefore credit their master with discoveries whiefaftf he 
made theth Independently, were enfaneemmU d$ yioWes As to 

those doctrines arhereof Comte Is the original promulgator, and the body 
of which <MWtltoteB what is generally knesrn as positivism, & is hardly 
neccssi^ to inform the inteUic^nt reader that ,I dissent fmas them in 
icsto, I msj add that I have not looked into any of Comte’s writipga lor 
more Umnit^rshty yearsa 
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by a matiiematicaf fonnula, and that this interpretation 
is possible only in the light of a general theory of cog- 
nition. The immediate results of experiment can not 
become elements of any sort of reasoning, not except- 
ing mathematical reasoning, without bein^transformed 
into concepts. And the scope of matheflratical reason- 
ing is limited to the determination of the quantitative 
relations between phenomena or the concepts represent- 
ing them. The declaration of Professor' Tait * that 
« physical science is to be based entirely upon experi- 
ment *!^d mathematical dednetions from experiment,” 
ignores the nature and limits, both of experimental in- 
quiry and of mathematical operations. A satisfactory 
and exhaustive discossion of this topic is impossible 
here, and must be reserved for a future occasion ; but I 
may, to some extent, anticipate this discussion by indi- 
cating some of its dements. 

Physical experiments, as well M mathematical de- 
ductions from them, are based on certairi gumptions 
respecting the nature of space and the universality of 
the laws of causality, constanry, and continuity. As 
to the importance of the assumptions respecting the 
nature of space, and their bearing upon the interpretation 
of the dnttS of experiment and observation, it is sufficient 
to point to the questions hinted at by Professor Tait 
himself in the passage 1 have quoted on page 211 of 
this volume. 'Without attempting to add anything to 
what I have said on this subject in tire thirteenth and 
fourteenth chapters, I proceed to a cursory notice of the 
la\V¥ of causality, constancy, and continuity, and of the 
use made of them in modem physics. 

T!h.9law ofeauaality is essentially a law of the cor- 
respondence and equivalence of changes, its root .being 

*0n Sonw Sweat Adruusea In PbjFtical Bdoue, p. 6, 
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the essential relativity and mutual ^ependenee of all 
physical phenomena. It imports that, whenever a change 
is observed in a given phenomenon or set of phenomena, 
we are constrained, by reason of the relations of these 
phenomena to other phenomena upon which their ex- 
istence depends, to look for an equivalent change in 
these other phenomena. The question of <mm never 
arises, except where there is change ; and the caosd de- 
manded is likewise a change. This, of course, at once 
presents the question. What are the criteria of the 
equivalence required? — ^a question which canjdbt be 
examined here, and must be dismissed with the simple 
remark that these criteria depend upon the nature of 
the changes whose correspondence and equivalence are 
under consideration. 

If this account of the nature and origin of the law 
of causality is correct, it is readily seen that the miscon- 
ceptions of this law by the most distinguished modem 
phyijicists are as fatal and prolific of error as those of 
the ontologists. “ The final aim of theoretical physical 
science,” says Helmholtz, “ is to find the ultimate un- 
changeable causes of the processes in nature.” * These 
ultimate unchangeable causes, in the view of the ma- 
jority of physicists, are simple and unchangetfble things 
or substances, fbrces, and qualities. “ Whenever,” says 
Isenkridie (after citing t£.e words of Helmholtz just re- 
ferred to), “natural science succeeds in reducing all 
(dianges in the material world to unchangeable qualities 
of an immutable substance, it has arrived, in my omm 
hm, at ^ihe^goal of its endeavors.” f Similarly ^n 

OnOiAM 4tr Vv^garngt in Sutwr <n|/iu)wcAe». 



iimomaaois to thb SECoin> koitiok. twSt 

Bois-BejUond : ‘‘bar demand for cauealityis eatMed 
only when we conceive matter as being at rest and uni- 
formly distributed in infinite space an infinite time 
ago.” * It is evident that the background of all these 
statements is the ontological reification of'the concept 
caicaef analogous to the pangeometrical 'reification of 
space. 

The law ^constanoy is nothing; more ^an the law 
of causality in the aspect of the equivalence and recipro- 
cal correspondence of the phenomena determining each 
other, *which, in mechanics, is exemplified in the law of 
the equality of action and reaction. The necessity of 
finding a basis for the determination of this equivalence 
involves the requirement of an ideal or conceptual con- 
stant amid phenomenal variation. Here, again, the 
tendency to ontological reification has led the modem 
physicist to assert the constancy of absolutdy unchange- 
able finite material elements and of determinate physi- 
cal forces. , 

The latff qf wniAnmiy is another aspect of the law 
of causality, resulting from the fact that all physical 
changes occur in space and time which are necessarily 
conceived as continuous. To say that space is discon- 
tinuous firoald be to say that between two nearest spa- 
tial points there is a spatial interval ; and similarly, to 
say tiiat time is discontinuous would be to say that be- 
tween two nearest points of time there is an interval of 

i/er KoenfemA latf uhmr«md«rUcia Queiitaebn einer iUt» liA jMdUei- 
8iA*Um titruedkJMrmi. tanm, dlann iW «ie ntriatr Mtimmy noth 
om ZUi {Ana* StrAmt tMgdangt. la^nhe, Dm BuUud der SchveT' 
knft, p. 189. 

• t7tUi»> <Aw*a»{wM«lMp/^{a* awr wir 
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time. The vagae apprehension of this law, id conjnno> 
tion with the assumption of the permanent existence of 
a constant number of discrete atoms of invariable mass 
and volume^ and of a constant sum of forces or motions, 
has given rise to the standing protest against the possi- 
bilitj of m distana, and to the various theories 
respecting the existence of continuous sethereal media, 
or of forces, between the atoms, in order to accottdt for 
the continuity of thdr interaction. 

A question of exceeding interest and importence is 
the old question whether the law of causality, «vith its 
several specifications in physical science, including the 
laws of constancy and continuity, the law of the con- 
servation of energy, the law of least action, the law of 
motion under least constraint, etc., are purely inductions 
from experience, or are, on the contrary, conditions pre- 
cedent to experience, and therefore in tome sense inde- 
pendent of it. The tendency among modem physicists 
andi mathematicians is decidedly toward the purely em- 
pirical view, according to which the only warrant for 
the assumption of the universality of these laws lies in 
the fact that thus far no experiential instance has been 
adduced against them. Helmholtz,* among others, 
empbasizes this view. But physicists, and Especially 
mathematicians, are pu^ed by the circnmstance that 
not only has the law of causality always been applied 
before any experiential induction was thought of, but 
that all the other laws above mentioned were announced 
long befeire tiiey were precisely formulated and exypri- 
eni^y Wifle<^ or had been recognized as subjective 

psj^dii^cal laws before they , were applied to the ob- 

• 
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jectiro world. TIub is strikingly illustrated by tbe law 
of least action and Gkiuss’s law of motion under least 
constraint. The^law of least action is stated with sin- 
gular distinctness by Leibnitz ; * and Gauss observes in 
mlation to the law of motion under least constraint that 
it is remarkable that ffee motions, when they are in- 
consistent with the conditions of the system, are modi- 
fied Nature in precisely the same way in which the 
calculating mathematician corrects quantitative results 
that a(e necessarily interdependent, by the method of 
least squares.” t It is my belief that the mysteries 
here presented will be cleared up by a re-examination, 
upon new grounds, of the nature of the old antithesis 
between truths a ^priori and cognitions apot^eriori. 

Although it must have become clear, by this time, 
to those with whom I shall deem it profitable hereafter 
to have any discussion, that I am not intent on subvert- 
ing the science of physics or on questioning the facts it 
has brought to light and the li^timate generalizations 
based upon them, and, furthermore, that I do not pro- 
pose to deprive the physicist of his laboratory hypoth- 
eses, and hence am under no obligation to supply him 
with new qnes, the question is not unnatural, what con- 
cern the*physid8t has with the discussions in this vol- 
ume. The simple answer to tl^^s is, that physical theo- 
ries are not merely instmment^ities for the discovoiy 
and classification of facts in furtherance of the practical 
purposes of life, but that they also serve as a basis for 
the various attempt^ at a solutibn of the great questions 

* leiKaiS nSw 9W a moxf 

mp miniMwe jpatoiAtm tH, «< iw»^ nuuiitm prmUhtr i^*i*>i* nUitino 
vt tie dieam mimiu. IidbattB,'Opp. ed. Ewfaiiinn, p. 14^ 
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which always have been and always will be the cardinal 
problems of hnman thought. And before these ques- 
tions can be properly submitted to the arbitrament of 
the physicist, it is necessary that he slSonld have a clear 
insight intd the nature of the concepts and tlieorics 
with which He operates, and into their relations to the 
phenomi na which they represent. When Du Bois- 
Beymond, in his Si^bm ’Wdbraethsd, declares th&t all 
questions relating to the “essence” of matter^ force, 
and motion, and the origin of sensation, are necessarily 
transcendent, while those concerning the nature and 
origin of life and thought are not, he assumes the abso- 
lute objective reality of atoms independently of the in- 
telleet ; and it certainly is of the greatest importance to 
ascertain whether, and in what sense, this assumption is 
true. When the physiological psychologist investigates 
the laws governing the correspondence between physi- 
cal and psychological phenomena, he is confronted at 
tbe.outset with wW one of my critics terms the “ resid- 
ual but tedious problem of idealism” with which, in, 
his opinion, I unnecessarily and impertinently wea|j| 
the reader. The proper statement of that problem, at 
least, if not its solution, is not “,re8idnal,” but preUmi- 
nary to any fruitful discussipn of that laxg^ number 
of ultimate questions which are c^Fered by a mass 
of wordy rubbish to wliich the physicists have made 
as large a contribution as the ontological metaphysi- 
euuv. 

' Irrespective of thisj however, if physics os a menee 
are not ito fall into utter disrepute, it is time to evo^ 
some drder from the confusion which prevails among 
Ibe . v^ first principles, theories, and detnifions of 
l^iieorel^eiil phyinos. When Professor Tidt, in eonjuno- 
tion Fr^essor Stewart, announces that “matter 
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is sitnplj passive,” * and then, in connection with 8ir 
William Thomson, dedares that “ matter has an innate 
power of resisting external influences,” f it is hardly 
impertinent to inquire how these statements are to be 
reconciled. When Professor Du Bois-Keymond, in a 
passage heretofore quoted, insists upon the necessity of 
‘‘ reducing all the processes of nature to motions of a 
snbstaiftial, indifferent substratum iohdly destitute of 
guedityf % having declared shortly before in the same 
lecture that “resolution of aU changes in the material 
world into motions of atoms caused ty their conMant 
centred forces would be the completion of natural sci- 
ence,” ^ we are in a perplexity from which we have the 
right to be relieved. 

There is, moreover, a lesson to be learned, by the 
ordinary physicist, from the discussions to which I have 
invited his attention, as to the limits within which the 
arbitrary construction of hypotheses and theories, with- 
out regard to the validity of the assumptions on which 
they rest, is useful and proper. This is beginning to 
be understood by thoughtful physicists, who suggest, 
for example, that the exhibition of the equii^leDce of 
physical and chemical phenomena would lose nothing 
in clearness if the atomic hypothesis were wholly dis- 
carded. An analogous suggestiyn respecting the basis 
of statics has recently been made by Professor Horace' 
Lamb,! who insists that certain assumptions in the 
current theories relating to the transmission of force, 
Budi as that of the absolute rigidity of the bodies by 

*.The Uiuseen IJniTene, g 104. 

f Thoiison and Tait, Tre^aeon Natural Philosophy, toL I, g 2l0t 

^ Ueber dio GrensraL des Naturerkannens, p. 5. 

.| Phil. tog. [V], vol. XV, p. 187. 
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means of which this transmission is effected, are not 
helps but hindrances to a proper apprehension of the 
laws of equilibrium and motion, and that the science 
of statics ought to be constituted by means of the prin- 
ciples of finear and angular momentum, under the 
definition that two sets of fot'ces are equivalent when, 
and only when, they produce the same effect on the 
linear and angular 'momentum of any material *sj^stem 
to which they are applied.” The same spirit is evinced 
in Kirchhoff s Lectwrea on Mathematical Physics^ to 
which I have already had occasion to refer iiv another 
connection. And there is evidencOj in the best scien- 
tific literature of the day, of a growing tendency to 
divest the edifice of physical science as far as possible 
of the hypothetical scaffolding, which not only ob- 
structs the view of its fair proportions, but masks the 
real principles of its construction, by which its strength 
and permanence are assured.^ 

^ Before permitting this edition to go to press, it is proper to apolo- 
gize for an omission in the fifth chapter which I bayo not deemed it 
necessary to supply, because it does not affect the validity of my reason- 
ing, and the correction could not be made without serious disturbance of 
the text. In speaking (pp. 61, 62) of Mr. Adams’s revision of the calcu- 
lations of Ijaplaoe respecting the gradual diminution of th^ excentricity 
of the earth’s orbit due to the disturbing action of the other planets, it 
ought to have been mentioned^ that the revision of Mr. Adams has since 
been revised in turn by Professor John N. Stockwcll, of Cleveland, tho 
distinguished author of the Theo/rif of (he MoofCe Motion, I regret this 
omission the more, because Professor Stockwell is a dtizen of my own 
States 
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The following pages are designed as a contribution, 
not to pbysics, nor, certainly, to metaphysics, but to the 
theory of cognition. Their contents are the result of 
a somewhat careful study of the true relation of the 
physical sciences to the general progress of human 
knowledge. It is the common opinion of contempo- 
raiy physicists that there was a total breach of continu- 
ity in the line of tliis progress at the point where the 
thoughts of men were turned from ancient and medise- 
val traditions respecting the phenomena of nature ^and 
their significance to tlie order and sequence of these 
phenomena as disclosed by their own observations and 
experiments, and that the structure of what may, for 
want of a^ better nam^ still be called philosophy now 
rests upon foundations wholly differmit from those upon 
which it stood before the days of Galilei and Bacon. 
According to this view, Bacon^s demand (in the pref- 
ace to his ITovum Orgamtmi) that the whole work of 
the mind be undertaken anew ” — ut opva mmtM wd- 
verawn de iwtegro reawmtur — ^has been thoroughly 
complied with, and Newton’s admonition to the physi- 
dsts, “jo beware of metaphysics,” has been effectually 
heeded. The belief fis that modem physical science 
has not only made its escape from the cloudy regions 
of mety^physical sp^lation, and discarded its methods 
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of reasoning, but that it has likewira emancipated itself 
from the control of its fundamental assumptions. It is 
my conviction that this belief is but portiallj conform- 
able to the fact, and that the prevailing misconceptions 
in regard to the true logical and psychological premisses 
of science are prolific of errors, whose reaction upon the 
character and tendencies of modem thought becomes 
more apparent from day to day. The shallow and scio- 
listic materialism — 1 allude, of course, not to its sup- 
posed ethical but to its purely intellectual aspects — 
which for a time threatened to blight the soiliand poi- 
son the atmosphere even of the old highlands of thought 
on the continent of Europe, claims to be a presentation 
of condnsions from the facts and principles established 
in the several departments of physical science. It is 
part of my endeavor to meet this daim by an examina- 
tion of the fundamental concepts and general theories 
of that department of physical science which is, in a 
seqse, the basis and support of all its other departments 
— ^the department of physics. It will be seen at once, 
upon a most cursory glance at any one of the chapters 
of this little book, that it is in no wise intended as on 
opdi or, covert advocacy of a return to inetaphj^ical 
methods and aims ; but that, on the contrary, its teu- 
deniy is throughont to eliminate from science its latent 
metaphysical elements, to foster and not to repress the 
spirit of experimental investigation, and to accredit in- 
stead of discrediting the great endeavor of scientific 
iesesrch to gain a sure foothold on solid empirical 
^imd, where the red data of expoience may be re- 
dvt^ without ontological prepossessionB. An attentive 
.perusal of these pages trill mak^ it dear, I think, diat 
tins. eM^Vor is . eontionally. thwarted by the. inridions 
the .meditatiions.of^fhe mait o^soienne 
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of the olR metaphysical spirit. This fact having been 
established, it was incumbent on me to pertain, if 
possible, its causes and, within the narrow Umits at my 
command, to develop its consequences. In the per- 
formance of this task it became necessai^ — inasmuch 
as I wrote for a class of readers with whom, unfortu- 
nately, familiarity with the laws of thought is a some- 
what*mre accompbshment — ^to make an excursion into 
the domain of logic, and to enter upon a brief discus- 
sion of the theory of conception. This discussion is, of 
necessity, veiy perfunctory, but I venture to hope that 
it will not prove wholly devoid of interest even to those 
who are thoroughly familiar with the subject. Fur- 
thermore, the atomo-mechanical theory, which is sup- 
posed to be the only and all-sufficient basis of the sci- 
ence of physics, has become complicated with, or, rather, 
has led to, certain remarkable specnlations as to the 
nature and properties of space ; and this necessitated 
another excursion into the held of mathematics, for the 
purpose of exarnining the validity of the doctrines of 
what is generally known as transcendental geometry 
with its hypotheses of non-homaloidal space and of 
space of more than three dimensions. 

What^ here presented is not, of course, a new the- 
ory of the universe, or a novel system of philosophy. I 
have undertaken, not to solve aQ or any of the problems 
of cognition, but simply to show that some of them are 
m need of .being stated anew so as to be rationalized, if 
not deepened. It is an old truth, which, however, is 
too often lost sight of, that many of the questions of 
science ^d philosophy remain nnanswered, not by rea- 
son of the insufficiency of our knowlec^ but b^use 
the questions themselves are founded on erraneous as* 
aumptioiqs and require answers in irrational or impos- 
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dble terms. The utter anarchy whfch notoriously pre- 
Tails in the discussion of ultimate scientific questions, 
BO called, indicates that a determination of the proper 
attitude of ^scientific inquiry toward Its objects is the 
most pressing intellectual need of our time, as it is an 
indispensable prerequisite of real intellectual progress 
at all times. And such a determination, however par- 
tial, is in itself decided advance in the direction of 
our legitimate cognitive aspirationa. “ Sightly, to pro- 
pose a problem,” says Whewell, “ is no inconsiderable 
step to its solution.” In the language of Eant,* M ist 
se/ian ein grosser vmd noethiger Beweis der Khtgheit 
wnd Mnsickt m toissen, was man vertvuenfUger Wdse 
' fragen soUe” And in the pithy phrase of Bacon ^ 
“ Prudens inHerrogatio quasi dimidium soientiae." ■si' 
My views respecting the actual state of physic^ 
science and the value of many of the current theoretical 
interpretations of scientific facts are, no doubt, at vari- 
ance with the tenets of many distinguished scientific 
men. That I have, nevertheless, given fearless expres- 
sion to them will not, I hope, be construed as a want of 
appreciation of the merits of those to whose labors mod- 
em culture owes its life, and the pursuit of knowledge in 
the interest of that culture its practice success. And, 
if it diould be regarded as evidence of presumption, I 
desire to say that there are suggestions, in many of the 
utterances of the men of science here referred to, of a 
growing sense of the questionability of some of the ele- 
ments of their scienMc faith. 1 have taken frequent 
occasion, in tire progress of my discussion, to point to 
these suggestions, to the end of showing that my 
tiuHights are, after all, but theP inevitable oi^me of 
the tendendes of modem scienoe, and are, therefore, 
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I deexii it important to have it understood, at the 
outset, that this treatise is in no sense a further exposi- 
tion of the doctrines of a book (“ The Philosophy of 
Nature,” Boston,^ Crosby & Nichols, 184 §) which I 
published more than a third of a centurj^ ago. That 
book was written while I was under the spell of Hegers 
ontol^cal reveries — ^at a time when I barely of 
age and still seriously affected witli the metaphysical 
malady which seems to be one of the unavoidable dis- 
orders qf intellectual infancy. The labor expended in 
writing it was not, perhaps, -wholly wasted, and there 
are things in it of which 1 am not ashamed, even at 
this day ; but I sincerely regret its publication, which is 
in some degree atoned for, I hope, by the contents of 
the present volume. 

It ought to be added that parts of the seventh and 
eleventh chapters of this book, and a few sentences in 
the other chapters, were published in ^‘The Popular 
Science Monthly ” in October, November, and Decem- 
ber, 1873 , and Jdnuaiy, 1874 . 


J. Stallo. 




0 O IT T E Ijr T S 


CEAPtER L PMi 

Introductoiy • • • • 1C 

CHAPTER n. 

First Prindplea of the Mechanical Theory of the Universe • • 2C 

CHAPTER III. 

The Proposition that the Elementary Units of Mass are equal * 30 


CHAPTER IV. 

The Proposition that the Elementary Units of Mass are absolnteljr 


hard and inelastic 40 

CHAPTER V. 

The Propositjlpn that the Elementary Units of Mass are absolutely 
inert • • • ■ . < • • . . . . * 52 

CHAPTER VI, 

The PropositioB that all Potential Energy is in Meality kinetla-<- 
Evolationoftl)ie0octiineof the Conservation of Energy # . 66 


CHAPTOR Vn, 

the Theory of the Atemic OouBtitutioB of Matter * • • • 64 

OTAPTBR Vm. 

. ;|Tb,e Kinede 1^|ieoiy of CfaseB.«--C(^llons of the Validity of Sden* 
tl^ SyyoilieBes .. • ^ . « * • * Ip4 

''C. :x2 



14 * 


COKTENTS. 


CHAPTER IX. 

The Relation of Thoughts to ThiDgs.->The Formation of Concepts. 
—Metaphysical Theories 

f 


‘ CHAPTER X. 

Character and Ongin of the Mechanical Theory.— Its ETieznplifica- 
tion of the First and Second Radical Errors of Metaphysics 

. CHAPTER XI. 

Character and Origin of the Mechanical Theory (continued).— Its 
Exemplification of the Third Radical Error of Metaphysics 

T' 

CHAPTER XII. 

Character and Origin of the Mechanical Theory (continued).- Its 
Exemplification of the Fourth Radical Error of Metaphysics . 

CHAPTER XIII. 

The Theory of the Absolute Finitude of the World and of Space.— 
The Assumption of an Absolute Maximum of Material Existence 
as a Necessary Complement to the Assumption of the Atom as 
^ts Absolute Minimum.— Ontology in Mathematics.— The Reifi- 
cation of Space.— Modem Transcendental Oeometry. — Non- 
homaloidal (Spherical and Pseudo-spherical) Space • 

CHAPTER XIV. 

Metageometrieal Space in the Light of Modem Analyrig.— Rie- 
mann^s Essay . « « • . . .... 


CHAPTER XV. 

Cosmological and Coimogeneric Speeulations.— Hie Nebular Hy^ 
pothesis • 


CHAPTER XVL 

Conelttalon . • , • • • « • * « 


PAOB 

129 

148 

ni 

188 

m 

248 

270 

2 ^ 



THE CONCEPTS AIH) THEOEIES 
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MO.DERN PHYSIOS 


CHAPTER I. 

INTBODUCTOKT. 

Modern physical science aims at a meduinioal inter- 
pretation of all the phenomena of the universe. ,lt 
seeks to explain these phenomena by reducing them to 
the elements of mass and motion and exhibiting their 
diversities and changes as mere difierences and varia^ 
tions in the distribution and aggregation of ultimate 
and invariable bodies or partides in spacer Naturally 
the supremacy of mechanics became conq>icuouB first 
in the domains of those sdencdb which deal with the 
visible ihotions of palpable masses^in astronomy and 
mdar physics ; but its recognition is now all but uni- 
versal in all the physical sdences, including, not only 
molecular phydca and chemistry, but also such depart- 
ments of sdentifio inquiry as are conversant about the 
phenomdha of organic Kfe. 

It is said that the theoretical no less than the prao^ 
tical iiei>axe» of the natural sdences, during the last 
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three centuries, is an achievement of meduofios which, 
besides devising the instruments of successful scientific 
research, has alro supplied its principles and methods. 
It is, indeqd, incontestable that the attempt at a con- 
sistent appli^tion of mechanical principles marks a new 
epoch in the history of sciencd. The founders of mod- 
em physics proee^ed upon the tacit if not upon the 
declared assumption that all true explanations of 'l^nral 
phenomena are mechanical explanations. That -this did 
not at once find articulate expression is due, partly to 
the fact that principles are wont to assert themselves, 
in thought as in action, before they are distinctly appre- 
hended, and partly to the circumstance that science, for 
a long time, was constrained to fiourish under the shad- 
ows of metaphysics and theology. But it was not long 
after the days of Stevintu, Fermat and Ghdilei before 
the doctrine that aU physical action is mechanical was 
stated in terms. Even during the life of Galilei — a 
year before his death — ^Descartes announced that ‘*all 
variations of matter, or all diversity of its forms, de- 
pends on motion.”* And nine years before the 
appearance of B'ewton’s Prinoi^pia Thomas Bbbbes 
declared that “change [i. e., physical change] is of 
necessity nothing else than motion of the parts of the 
body changed,” f at the same time adding that “ there 
cSn be no cause of motion in a body but in another 
body contiguous and moved.” Leibnitz was even 
moire: emphatic, asserting that .tiie doctrine in question 
meroly ^ experiential induction, but a selfevi- 

* "Oiuais mterfoe varfstio slve onB^om. «Jns tonn«nim dimritu 
OartM. Phil. U,sa. ^ 

f ^N^eeMs ^ to imtsiiio idind rfk pneter pwttiim 
HiidtbeR, ^Um. pan •seon^ 

. (loteMila ai$l ooQtfjiaeet 
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dent trutii. “EvtilTthing in nature,” he said, ‘^is ef- 
fected mechanically — a principle which can be made 
certain by reason alone, and never by experiments, 
however numerdhs they may be.” * He, too, insisted 
that all motion is caused by impact. ** A body is never 
moved naturally, except by another body which presses 
in touching it.” f Similarly Huygens, the great con- 
temiibrary of Leibnitz and Newtoii, said that “in true 
philosophy the causes of all natural effects are, and in 
his judgment must be, conceived mechanically, unless 
we are'to renounce all hope of understanding anything 
in physics.” ^ And in the first comprehensive treatise 
'On physics ever published, that of Hfnsschenbroek, it is 
put forth as an axiom that “no change is induced in 
bodies whose cause is not motion.”* 

The most definite statement, however, of the prop- 
osition that the true aim and object of all physic^ 
science is a reduction of the phenomena of nature to a 
coherent meduinical ^tem is found in the scientific 

* "Toot M fdt mSoaniquement dan* la natare, prindpe qa*on pent 
lendra certain par la aeule raison et jamais par les ezpdrienees, qnelqne 
nombre qn’on en fkaae.” LeUmlts, Mbnveanx Essais, 0pp. ed. Erdmann, 
p. 8S8. 

f “Un dbrps n’sst jamais mil natnrdlement que par nn antra corps 
^ le presse en le tondiaiit.** Bme lettre b Claibe, Erdmann, p. 767. 
Bence Wolil, the dogmaiio exponuder et tiie Ldbnidan pbilosopby: 
“ Corpos non agit in alteram idd dom in ipsom in^ing^t.” WoUf, Cos- 
molo^ gen., 126. 

t “ . . . in yerS pbilosopliia, in qnS cmninm effectnnm cansae cond- 
pinntor pw latitmes mecbanicas; id qnod meo judioio fieri debet nisi 
veUmns omaem qtem abyceie afiqnid in pityslcls intdllgendi.” Huge, 
iaii Opp: refiqva, Amst, 1728, vd. i (Tract, de Imnine), p. 8. 

*'** Kalla antem cmporibas indadtar motatiq, eqjna oaosa non foerit 
riatna, dtl ndtattts, sire mbrntos, ant soEocatas ; omne enim inore. 
nentuip tcI deorementnm, geneiatio, corriqrilay'Tel ^allsoanqne aHcratio^ 
quae jl|i;corpoidbqs oontlngit, a motfi pendd.” P. % Hossehenbroek, Jo- 
tred. ad. pUke. natnralem^ToL i, cap. 1, §18 (ed. Patav., 1708), 
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writings published during the second half of ‘the pres* 
ent century, since the discoveries made in oiganic chem- 
istiy by the aid of the atomic theory, the revelations of 
the spectrowope, the establishment oi the doctrine of 
the conservation of energy, and the promulgation of 
the mechanical theory of heat Vith its complement, the 
kinetic theory of ^ses. Thus Kirchhoff, one of the 
founders of the theory of spectral analysis, ^d in 
1865: “The highest object at which the natural sci- 
ences are constrained to aim, but which they will never 
reach, is the determination of the forces which are 
present in nature, and of the state of matter at any 
given moment — ^in one word, the reduction of all the 
phenomena of nature to mechanics.”* To the same 
effect Helmholtz, in his inaugural address delivered be- 
fore the meeting of the association of physicians and 
naturalists at Innspruck, in 1869 : “ The object of the 
natural sciences is to ffnd the motions upon which all 
other changes are based, and thmr corresponding mo- 
tive forces — ^to resolve themselves, therefore, into me- 
chanics.” f Ho less pointed are the words of Clerk 
Maxwell: “When a phytieal phenomenon,” he writes, 
“can be completely described as a change in the conr 
%nration and motion of a matmal system, the dynami- 
cd explanation of that phenomenon is said to be com- 

* “Das hoeebote SBel, wel^w die NatntwieeeDicheltea sn entreben 
baben, aber niemala errtioben werden,' iet die Ermittelaiii; d«r Etteflie^ 
wetebe is der Natur Torbanden eind usd dee Zattaitdee in den die Ua- 
tode in . etnem AngenbUde eidi be&idet, mtt. dnem Worte^ ZornodlEi. 
tifeb>eegiilIerKataiencheb»iiigennaf dieUediaaik.** Kii«bb<rff, Ueber 

Ziel der Kabawtawniwbaften. Frareotoratinde, Heid(lbei:|, ISSS. 

f "^Snd^l der Natareiaieiudiaften ist,^ allett andlm Veraen 
dffingen n Oninde be^Mtden Beveguesen wnd deien. Triebktaefte an 
ddi in Wee^nifc antzdleeaen." Bebobolt^ Peg^^eerwia* 
..^lwee^la i ^eitol^l>^^HleZ», i« Wj* . . ' 
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plete. We can no\ conceive any further explanation 
to be either necessary, desirable, or possible, for as soon 
as we know what is meant by the words configuration^ 
mass mdfiorcej we see that the ideas which they repre- 
sent are so elementary that they can not^be explained 
by means of anything elSe.” * 

Citations like these, from the writings of eminent 
physfcists, might be multiplied almost indefinitely. 
And, if we turn from the physicists to the physiologists, 
we mogt with declarations equally explicit. “Every 
analysis,*’ said Ludwig in 1852, “ of the animal organism 
has thus far brought to light a limited number of chem- 
ical atoms, the presence of the light- (heat-) bearing 
sether and of the electric fluids. These data lead to 
the inference that all the phenomena of animal life 
are consequences of the simple attractions and repul- 
sions resulting from the concurrence of these element- 
ary substances.” t In a similar strain Wundt, writing 
twenty-five years later : “ The view that has now*be- 
come dominant [in physiology], and is ordinarily desig- 
Dated as the mechanical or physical view, has its origin 
in the causal conception long prevalent in the kindred 
departments of natural science, which regards nature as 
a single chain of causes and effects wherein the ulti- 
mate laws of causal action are J;he laws of mechanics. 

* Clerk Maxwell, On the Dynamical Evidence of the Molecular Con- 
sUtution of Bodies.^’ " Nature,’^ March 4 and 11, 1B75. 

f So oft non eino 2Sci^gUederung der leistui^serzcngenden Einrich- 
des thierischen Koerpers ^eschah, bo oft stlesB man schUesshch 
auf dne begrei^te Zahl chiiw^iBher Atome, die Gegenwart des Idcht- 
(Waerrne-) Aetbera ond diejenfge der eleotrischen Floessigkeiten. Dlc- 
m Erfahrgng cmtsprediend debt man den SobluBB, dass alle vom thicr. 
iahen Koerper ausgehenden ^ahelnungen ebie Eolge dor ein&chen An^ 
dpboPjgBn ond AbdOBBungeneehi moechten, Wdche an jenen clementaren 
M einem ZoBammentreffen demelb^ beohach^ werden.** Lod- 
Lehi^ch der Ehyaiobib^ des Mensdien, Band i, EinleUung, p. 9. 
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Physiology thus appears as a brandi of applied phys- 
ios, its problem being a reduction of vital phenomena 
to general physical laws, and thus ultimately to the 
fundamental laws of mechanics.” * Slill more broadly, 
Haeckel; ^‘The general theory of evolution ... as- 
sumes that m nature there is a*great, unital, continuous 
and everlasting process of development, and that all 
natural phenomena without exception, from the mbtion 
of the celestial bodies and the fall of the rolling stone 
up to the growth of the plant and the consciousness of 
man, are subject to the same great law of causation — 
that they are ultimately to be reduced to atomic me- 
chanics.” t This theory, Haeckel declares, “ is the only 
scientific theory which affords a rational explanation 
of the univorse, apd satisfies the craving of the intellect 
for causal connections, inasmuch as it links all the phe^ 
nomena of nature as parts of a great unital process of 
development and as a series of mechanical causes and 

^ “Die jetzt zur Hcrrsdiait golangtc Auffassung dag^n, die yimn als 
die phjBikaUshe oder meehanUtische ztt bezeichxi£ai pflegt,.i&t aus der in 
. den verwandten Zwdgen der NatnrwiBsensohaft Bchon laongor zur 
tnng gckommeneti causalen Naturansidit entsprungen, welche die Natur 
ala elaen einidgen ZuBammenhang von Ursaclicn ixnd Wirknagen ansiebt, 
wobei aU letzte Geeetze, naoh denen die natuerlidien Ursacben. wirkefliy 
filch fitets die Gnmdgcfiotze der Mechanik ergeben. Die Ph^do^e eiv 
d^eint daber als ein Zweig der angewandten Naturlehre. Ihre Aufgabci 
eikennt sic darin, die Lebexus^scbeinuiigen auf die allgemeinen Natar- 
geaetze, also sdiiiefialich auf die Grundgeaetze dea Medumik, zamedum- . 
fuebron.*’ Wundt, Lchrbuoh der Pbyeiologie dea Menseben, Au« 

' f :^])W afigemeSne Entwickelun^dure • • . niinmt an, dosa in der 
iraam Mbtur dn grofificr, einbdtHcber, annntorbrochener und ewiger 
ISnMchdaagavn^ BtattSndct, und dass alle Naturerachdnutigen obna 
m Bewegung der Hbnuielekeerper und dqgi Pblt dies 
tdlaiiden Std^ aum Wacbm der Pflanze und Bemiaatfi^^de^ 
liaii 

dlD^ at!j$ der Atome 

10 , * >' 
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effects.”^ In the* same sense Htudey speaks of ^ that 
purely mechanical view toward which modem physi- 
ology is striving^” f 

A very 'lucid and thorough exposition., of the aims 
of modem physical science is contained iq,the following 
passage taken from a r^nt lecture of Emil Du Bois- 
Beymond — equally distinguished . as a physicist and 
physiologist: Natural science — more accurately ex- 

pressed, scientific cognition of nature, or cognition of 
the m^rial world by the aid and in the sense of the- 
oretic^physical science — ^is a reduction of the changes 
in the material world to motions of atoms caused by 
central forces independent of time or a resolution of 
the phenomena of nature into atomic mechanics. It is 
a fact of psychological experience that, whenever such 
a reduction is successfully effected, onr craving for 
causality is, for the time being, wholly satisfied. The 
propositions of mechanics are reducible to mathematical 
form, and carry within them the same apodictic ‘cer- 
tainty which belongs to the propositions of mathemat- 
ics. When the changes in the material world have been 
reduced to a constant sum of potential and kinetic 
eniogy inherent in a constant mass of matter, there is 
nothing left in those changes for explanation. 

^ The assertion of Kant, in the preface to the * Met- 
aphysical Rudiments of Natural Science,’ that ‘ in every 
department of physical science there is only so much 
science, properly so called, as there is mathematics,’ is 

♦■"Per Mwilninis, die wdvenale Bntvidceliiiigetbeorie, Oder diemo- 
idnd^die PivaeiiMietlieorie ist die eiadge vbienMdieftUdie Theorie, 
Srelohe ^ w^tgann venranftgemage erkUert, und d«« CaiMoHttirte- 
bedwrlsidM .uaaer^ raenedilfclioiii Vemunft betiiedtgt, indm ate ells 
K«tinv!ttoibeimm^ elemwile dne* elaboltUi^ien grossen Entwiokeluii8»r 
'PtpDfats in ]i)i«c1»aii|!€iie& CtaiiMlXiMiniBeiiheBg brlngt." p. 11, 

f ISwtao^'ibddftdles ud Bwidra (Appletwai’ 'ed.^ p« SSI. , 
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to be diarpened by substituting ‘ m^clianics of atoms’ 
for * mathematics.’ This was evidently his own mean- 
ing when he denied the name ‘ science ’ to chemistry. 
It is not a little remarkable that in our time chemistry, 
since it has been constrained, by the discovery of sub- 
stitution, to abandon the old eiectro-chemical dualism, 
has seemingly taken a retrograde step in its advance 
toward science in tfiis sense. TKe resolution tj/ aU 
chomges in the material world into motions of •alo'm 
caused "by their constant central forces would he the 
comjpletion of natural science^ / 

* ** Naturerkenncn — genaucr gcsagt, naturwissenschaftUchcs Erkcn- 
ncn Oder Erkcnncn der Koerpcra’elt mit Huelfe und im Sinne der thco- 
rctiachcn NaturwiBsenschaft — ^ist Zurueckfuehren der Veraenderungon in 
der Koerporwelt auf Bewegtingen von Atomen die durch doren von dei* 
Zeit unabhaengige Centralkraefte bewirkt worden, Oder Aufloesimg der 
Naturvorgaenge in Mcohanik der Atome. Ea ist psychologiache Erfahr- 
ungBthatsaobe, dasa wo solche Aufloesnng gelingt, unser Cauaalitactabe- 
duerfniaa vorlaeufig sick befriedigt f uehlt. Die Saetze der Mechanik Bind 
mathematiBch daretellbar, nnd tragen in sicb dieselbe apodiktisobe Gew^ 
heit, wie die Saetze der Mathematik. Indein die Yeraenderungen in wr 
Koerporwelt auf cine conatante Summe potentieller und kiuetis^er Ener» 
gie, welcbe einer constanten Menge von Materie aobaf tet, zurueckgefuebrt 
weidcn, bicibt in diesen Yeraenderungen selbcr xdebts zu erklacren uebrig. 

^‘Kant’a Behauptung in derYorrode zu den * Metaphysiseben An- 
fangagruonden der Naturwisaensobaft,’ 'daaain jeder beadSderen Ka- 
turlebre nur so vicl eigentlicbe Wisaenschoft angetroffen warden koenno, 
ala daiin Mathematik anzutreiEen am,’ iat also vielmehr noch dabin zu 
verschaerfen, doss fuer Matbematik Mechanik der Atome ge^etzt wird. 
Bichtlich diess mcinte er selber ala er der Chemie den Kamen einer Wia- 
aenaebaft abapracb, und aie untcr die Experimentallebren verwiea. Ea 

niobt wenig xnerkwuerdig dasa in unaerer Zeit die Chemie Indein aie 
dboh die SBUeckung der Substitution gezwungen tnirde den electro- 
cbemiacbeii Dua^mua aufzugeben, aidi von dem Ziel, eine Wisaenaebaft 
In dleaem ^ne zn vrerden, s^^bar wieder welter entfemt bat. Dbnken 
wir unaaile Yeradnderungen in der KoeitwrweXt in Beweging|n& von 
Atfunen autgeloea die diircb doren conatante Oeotralkraefte bewiikt 
weMlen, so wae^ das Weltall naturwiasens^aftlieb erkannV* Blnit Dii 
Boo^BeyiN^ Qrenzen des Katunaikeimeite,’’ f 
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Witlpfew excctotione, ecientific men of tbe present 
day hold the proposition, tliat all physical action is me- 
chanical, to he axiomatic, if not in the sense of being 
Belf*evident, at l&ast in the sense of being an indnetion 
from all past scientific experience. And they deem 
the validity of the mechanical explanatidh of the phe- 
nomena of nature to be, not only unquestionable, but ab- 
solute exclusive, and final They believe that this 
validity is not conditioned, either by the present state 
of human intelligence, or by the nature and extent of 
the p£!^jiomena which present themselves as objects of 
scientific investigation. Thoughtful men like Bu Bois- 
Beymond have at times suggested that it is not unlim- 
ited ; but the only limits assigned to it are those of the 
general capacity of the human intellect. Although 
they concede that there is a class of phenomena — those 
of organic life — which, under their characteristic as- 
pect, are wholly irreducible by the mere aid of mechan- 
ical principles, it is, nevertheless, insisted that ^ese 
principles constitute the only intellectual solvent that 
can be applied to them, and that the residue which re- 
sists the solution is to be relegated for ever to that end- 
less array of facts which are proof against all the re- 
agents scientific cognition. It is claimed that, if it is 
impossible theoretically to construct a living organism 
out of molecules or atoms, and** mechanical forces under 
the guidance of the principle of the conservation of en- 
ei^, tire laws of electric or magnetic coercion, the first 
and second laws of thermo-dynamics, etc., the attempt 
to frame a ^eoiy of life in harmony with the laws con- 
trolling ordiruoy material action must be utterly id>an- 
doned.^ Such . a ftlairfi ought not, in my judgment, to 
be admitted without a careful examination of the 
grontM^ upon whi^h it is made. It is my purpose, 



24 • CONCEPTS OP MODERN PHYSICS. . 

tberefore, in the following pages to iliqnire whether or 
not the validity of the mechanical theoiy of the iini* 
verse in its present form, and with its ordinaiy assump- 
tions, is indeed absolute within the bounds of human 
intelligence, and to this end, if possible, to ascertain the 
nature of this 'theory as well as its logical and psycho- 
logical origin. Obviously the first question presenting 
itself in the course of an examination into its validity 
is whether it is consistent with itself and with the facta 
for the explanation of which it is propounded. Our 
initial problem, then, will be that of finding an4nswer 
to this question. 



CHATTEK n. 


FIBSP mNOIPLBS OF THE USOnAlTlDAL THEOBT OF THE 
, trmVEBSB. 

Thb mechanical theoiy of the universe undertakes 
to accost for all physical phenomena by describing 
them as variances in the strnotnre or confignration of 
material systems. It strives to apprehend all phenom- 
enal diversities in the material world as varieties in the 
grouping of primordial units of mass, to recognize aU 
phenomenal changes as movements of unchangeable 
dements, and thus to exhibit all apparent qualitative 
heterogeneity as mere quantitative difference. In the 
light of this theory the ultimates of scientific analysis 
are mtm * and rruMon, which are assumed to be essen- 
tially disparate. Mass, it is said, exists independently 
of motion and is indifEerent to it. It is the same 
whether jt be in motion or at rest. Motion may be 
transferred from one mass to another without destroy- 
ing the identity of either. • 

The prime postulate of all science is that there is 
some constant amid all phenomenal variations. Sefence 
is possible only on tiie hypothesis that aU dtange is in 
its nature transformation. Without this l^pothesis it 

a It ia fciudlr neoeHstr to M 7 tto I pnipoMi}’ dwrigaate moM, and 
Mt(a8biBaal)imi0«r, utbe^ooimilate of 'taoikM. Wliea a bodr is Si- 
is thoogj^ od sA those ^^tles vtdch, aoooidtag to the t ea cbiags 
odmoAsn iMSo^ ai% la eudr.aatore iiiiSsei ot aotikWi tiie is 
. Abtluttor^lNiit'iiuM. ' " , 
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could discliarge neither of its two grdst functions — those 
of determining, from the present state of things, the 
past on the one liand and the future on the other, by 
ezliibiting the one as its necessary antecedent, and the 
ojbher as its equally necessary consequent. It is evident 
that the computations of scieiAio would be utterly frus- 
trated by the sudden disappearance of one or more of 
its elements, or the unbidden intrusion of new eleufents. 
If, therefore, scientific analysis yields mass and motion 
as its absolutely irreducible elementary terms — ^if these 
terms underlie all possible transformations — ^it^ollows 
that both are quantitatively invariable. Accordingly 
the mechanical theory of the universe postulates the 
conservation of both mass and motion. Mass may be 
transformed by an aggregation or s^r^tion of parts ; 
but amid all these transformations it persistently remains 
the same. Similarly motion may be distributed among 
a greater or less number of units of mass; it may be 
transferred from one unit of mass to any number of 
units, its velocity being reduced in proportion to the 
number of units to which the transference takes place; 
nevertheless the sum of the motions of the seyeraluiuts 
is always equal to the motion of the single unit. It 
may be changed in direction and form ; rectifinear mo- 
tion may become cury^inear, translatory motion may 
be broken up into vibratory motion, molm* motion may 
be converted into mdecnlar agitation ; yet, during all 
these changesj it is never inereased, diminished, or lost. 
The bemservarion of mass (or, as it is generally but in- 
acenintteiy terined, the conservation or indestructibility 
of matteir) ^ long been a standing axiom of physiol 
.Spence. liiO eemservation o£ ihotum (i e., tlm con8e^ 
yiarion of w:hich, as trill hereafter ^pear, is, ac- 
MfMlbriing to thebteehanieal theory, the same thug'), thoi^. 
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but recently formulated as a distinct scientific principle, 
is now universally regarded as of equal evidence and 
axiomatic dignity^ with its older counterpart. Indeed, 
while chemistry is said to be founded on the conserva- 
tion of matter,* the recent progress of theoretical phys- 
ics has consisted mainly in the solution of the problem 
of recjjnstituting it on the basis of the conservation of 
energy. The science of physics, in addition tO'the gen- 
eral laws of dynamics and their application to the in- 
teraction of solid, liquid, and gaseous bodies, embraces 
the tlieoJy of those agents which were formerly desig- 
nated as imponderables — light, heat, electricity, mag- 
netism., etc. ; and all these are now treated as forms of 
motion, as different manifestations of the same funda- 
mental energy, and as controlled by laws which are 
simple corollaries from the law of its conservation. 
The only apparent exception is the second law of ther- 
modynamics, a reduction of which, however, to the 
principle of least action, or rather Hamilton’s extensfon 
of it, the principle of varying action, has been attempted 
by Boltzmann and Clausius, while others (among them 
I^kine, Szily, and Eddy) have sought to derive it di- 
rectly froQd the principle of the conservation of energy. 

It is thus seen that the theory according to which 
the cause of all phenomenal change and variety in na- 
ture is motion, and all apparent qualitative diversity is 
in reality quantitative difference, involves three propo- 
sitions, which may be stated as follows : 

I. The primary demmU of all natriral phenomena 

* It is padually coming be uaderatood that the eonsemtion of 
energy is ae important a principle ‘m diendstry as that of the eonseira- 
Uon of mass ; but as yet chemical notation taken account of masses only 
and Jpaake^ no exhibition of the quantifies of energy gffined or lost in any 
ehemlbal transfonnafi(£u 
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— the vUwwies qf seient^ analym — are 'mass and 
motion. 

IL Mass and motion are disparate. Mass is in- 
different tojfiotionf which may he imparted to it, and 
of which it i(iay he divested, h^ a trayiffer&nce qf motion 
from one mass to another. Mass remains the same, 

whether at rest or in motion. 

0 * 

III. Boih mass amd motion are constant. 

Among the corollaries from the first and sOcond of 
these propositions there are two which are as,, obvious 
as they are important : the inertia and the homogeneity 
of mass. Mass and motion being radically disparate, 
it is evident that mass can not be motion or the cause 
of motion — it is inert. And mass in itself can not be 
heterogeneous, for heterogeneity is difference, and all 
difference is caused by motion. 

The propositions above set forth lie at the base of 
the whole mechanical theoiy. They command uni- 
versal assent among physicists of the present day, and 
are to be regarded as the fundamental axioms of mod- 
em physical science. In addition to these propositions, 
however, there is the assumption, generally prevalent 
among physicists and chemists, of the molecular or 
atomic constitution of bodies, according to wliich mass 
is not continuous, butediscretc, being an aggregate of 
nncban^able, and, in that sense at least, simple units. 
This assumption leads to four other propositions, which, 
in conjunction with the principle of the conservation of 
both mass and motion, may be said to constitute the 
foundations of the atomo-mechanical theory. They are 
thew: ^ 

1 . Jhe demeniary amis of mass, being simple, aev 
m edl reyfeets epaed. This is manifestly nothing more 
than an assei'tion of the homogeneity of mass in eon- 
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formity with the hypothesis of its molecular or atomic 
constitution. 

2. The eUrmrvtary wnita of 'inasB are dbsolutdy hard 
mid indastio — a necessary consequence o:^ their sim- 
plicity, which precludes all motion of partg, and, tliere- 
fore, all change of figure.* 

3. The demmta/ry tmits of mas^ are absolutely in- 
ert and therefore purely passim; hence there can be 
no mutual action between them, other than mutual dis- 
placement caused by impulses from without. 

4. Ait potential energy, so called, is in reality Tci- 
netic. Mass and motion being fundamentally disparate 
and inconvertible, and mass being absolutely inert, 
whatever be its position, motion can not* originate in, 
or be caused by, anything but motion. Energy due to 
mere position, therefore, is impossible. 

It is necessary to take up these propositions sever- 
ally in their order, and to ascertain whether, and to 
what extent, they are consistent with, and serve as ttte 
explanation of, the facts of scientific experience. 



CHAPTER in. 

THE HBOPOBmOH THAT THE BLEUEHTABT UHITS OF UA63 
ABB EQUAL. 

If all the diversities in nature are caused by motion, 
it follows that mass, the substratum of this motion, is 
fundamentally homogeneous. This is so evident that, 
in the first distinct announcements of the mechanical 
theory, the two propositions — ^the principle and its cor- 
ollary — appeared side by side. Thus the statement of 
Descartes cited in the iiret chapter * is accompanied by 
the declaration that “ the matter which exists in the 
world is everywhere one and the same.” f I* * 
that Descartes did not assert the absolute equality of 
single material elements, because he recognized but two 
primary properties of matter, extension and mobility, 
and therefore denied its atomic constitution. But, when 
in time the hypothesis of the atomic or 'molecular 
structure of matter be^me one of the cardinal doctrines 
of modern physical science, the postulate of the f undar 
mental homogeneity of mass necessarily assumed the 
form of an asrertion of the absolute equality of its primor- 
dial units. . For reasons to be discus^ presently, physi- 
cists, and especially chemists, of our, day evince a ^qiosl- 
tion to ignore thk essential feature of the mechanical 

* SapiSi p-if* 


V 
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theory ; btit, amon^ those who understand that all scien- 
tific theories must at last be brought to the test of con- 
sistency, it has rarely failed to meet with direct or* im- 
plied recognition.* “ Chemistry,” says Profegpor Wundt, 
still refers the divergent qualities of matter to an origi- 
nal qualitative difference* between the atoms. But the 
whole tendency of physical atomism is to derive all the 
qnalitafive properties of matter £rom the forms of 
atomic motion. Thm iJie aioma themsdvea t^emain a» 
demen(fi tdterVy devoid of qualUy.^’ * Of the same im- 
port are the words of Herbert Spencer : “ The proper- 
ties of the different elements result from differences of 
arrangement, arising by the compounding and recom- 
pounding of vUimate homogeneom units” f Even in 
the writings of distinguished chemists there is no lack of 
utterances bearing testimony to the pressure of the logi- 
cal necessity which constrains the modem physicist to 
insist upon the fundamental equality of the material 
elements. “It is conceivable,”, says Thomas Grahaim, 
“ that the various kinds of matter now recognized as 
different elementary substances may possess one and 
the same ultimate or atomic molecule existing in differ- 
ent conditions of movement. The essential imity of 
matter is an hypothesis in harmony with the equd action 
of gravity upon all bodies. We^now the anxiety with 
which this point was investigated by Newton and the 
care he took to ascertain that eveiy Mnd of substance, 

* Die abveioheaden Eigensdiaften der Materie verlegt dis Ohemio 
noch jetst in dne nrsprnengUclie qnalitativs Veradhiedenhdt der Atome. 
Nimgeht ofitebar die game Ente^kelung der idiyrikaUedten Atomistilc 
danraf ana, alto. qaalitaUren Eigeniwhaften der Matede ane den Beveg* 
viig8formBn*der Atome abzalefwn. Die Atome eelbet bleiben eo nodi- 
wendig da volkonmea qnalitaetaloae Elemente zanieck. “Die Tfaeotie ' 
der Materie," Dmiteobe Rondabhaa, Dooember, 1878, p. 881. ' 

f .Owtei^ioraiV Beviev,Viine, 1878. 
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‘ metals, stones, woods, grain, salteF, animal substances,* 
etc., are similarly accelerated in falling, and are there- 
fore equally heavy, 

*'In tl)e condition of gas, matter is deprived of 
numerous and varying properties with which it ap- 
pears invested when in the lom of a liquid or solid. 
The gas exhibits only a few grand and simple features. 
These again may ail be dependent ujmn atomic or mo- 
lecular mobility. Let us imagine one kind of substance 
only to exist — ^ponderable matter; and further, that mat- 
ter is divisible into ultimate atoms, vmafonH in tize 
and weight. We shall then have one substance and a 
common atom. With the atom at rest the uniformity 
of matter would be perfect. But the atom possesses 
always more or less motion, due, it must be assumed, 
to a primordial impulse. This motion gives rise to 
volume. The more rapid the movement the greater 
the space occupied by the atom, somewhat as the orbit 
of a planet widens with the degree of projectile veloci- 
ty. Matter is thus made to difier only in being lighter 
or denser matter.' The specific motion of an atom 
being inalienable, light matter is no longer convertible 
into heavy matter. In short, matter of different density 
forms different substances — different inconvertible ele- 
ments as they have been considered. 

“ But, further, these more or less mobile, or light 
and heavy forms of matter, have a singular relation 
connected with equality of volume. Equal volumes 
of two of thetn can coalesce together, unite their move- 
ment, and form a new atomic group, retaining the 
whole, the half, or some simple proportiqn of the 
original moroment and consequent volume. This is 
chemical combination. It is directly an affair of vob 
nme, and only indirectly conaeot^ witb< w;ei^t. 
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Combinitfg weight! are different, because the densi- 
ties, atomic and molecular, are different.” * 

Views analogous to those of Graham are held by C. 
R. A. Wright, wBo suggests “ that there is but one kind 
of primordial matter, all so-called clernenfs and com- 
pounds being, as it were,*allotropic modifications of tliis 
matter, differing from one another in the amount of 
enei*g;^ latent per unit of mass.”f And although Prout’s 
conjecture, that the several chemical elements are really 
compounds or allotropic forms of hydrogen, has been 
definitively abandoned (even by Dtimas and others who 
at divers times sought to revive it), it having been 
shown that the hypothesis, according to which the 
atomic weights of all the elements are exact multiples 
of that of hydrogen, is untenable, yet attention has late- 
ly been drawn to the fact that tWe seem to be spec- 
troscopic indications of the predominance of a few gase- 
ous elements, such as hydrogen and nitrogen, in certain 
nebul© which appear to represent the earlier stagep of 
planetary or stellar development, and of a gradual in- 
crease of metallic and other substances in more ad- 
vanced forms — ^in other words, of a progressive differen- 
tiation of matter, a gradual advance from homogeneity 
to heterogeneity, on the successive stages of planetary 
or stellar evolution.:|: 

Now, while the absolute equality of the primordial 
units of mass is thus an essential part of the veiy foun- 
dations of the mechanical theory, the whole modem 
science of chemistry is based upon a principle directly 

* ** Speculative Ideas respecting the Constitution of Matter,” Phil. 
Hag«, 4tli ser., voL xxvii, p. 81 ieq, 
t CheiSical News, October*!!, 1878. 

t Cf. F. W. Clarke, « EvoluUon and the Spectroscope,” Popular Sci- 
ence Monthly, January, 1878, p. 820 seq, Loebyer’s recent investlga- 
tions haveebrought these views into great prominence. 
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subversive of it — a principle of whiob it has recently been 
said that it holds the same place in chemistry that the 
law of gravitation does in astronomy.” * This principle 
is known as the law of Avogadro or^Amp^re. It im- 
ports that equal volumes of all substances, when in the 
gaseous state and under like conditions of pressure and 
temperature, contain the same number of molecules — 
whence it follows that the weights of the moleculbs are 
proportional to the specific gravities of the gases ; that, 
therefore, these being different, the weights of the 
molecules are different also ; and, inasmuch as ^e mole- 
cules of certain elementary substances are monatomic 
(i. e., consist of but one atom each), while the molecules 
of various other substances contain the same number of 
atoms, that the ultimate atoms of such substances are of 
different weights. 

The law of Avogadro, though, like all physical 
theories, an hypothesis, is believed to be the only hy- 
pothesis which is competent to account for the well- 
known variation of the volume of a gas inversely as 
the pressure (law of Boyle or Mariotte) and directly as 
the absefiute temperature (law of Charles) as weU as 
for the combination of gases in simple volumetric pro- 
portions (law of Gay-Lussac) ; and it has served as the 
basis of innumerable deductions respecting the forma- 
tion and transformation of chemical compounds which 
have thus far met vrith unfailing experimental vcoifica- 
tion. 

That this cardinal principle of modem theoretical 
chetoffitiy is in utter and irreconcilable conflict with the 
first proposition of the atomo-mechanical theory is ap- 
jMuent.at a^ance. No reconciliation, , certainly, is pos- 
sible on the hypothesis suggested , by Graham- Tar 

tXP. OiKikeiTiwltewCIwq^try, p. la,. 
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that accounts for differences of density by attributing 
to 'equal primordial atoms unequal volumes resulting 
from their occupancy of unequal spaces by virtue of 
differences in tlfe velocities of movement with whidi 
tlie several kinds of atoms are supposed to be inalien- 
ably endowed. It accodnts for inequalities in the vol- 
umes of equal masses, not for inequalities of mass in 
equaf Volumes, and can not serve as an explanation of 
the latter, unless it is supplemented by the further as- 
sumption — to which, indeed, it lends Uttle, if any, aid 
— that some, if not all, of the molecules are compounds 
or aggregates of different degrees of complexity. Two 
masses or molecules of equal volumes can be of different 
densities or weights only if the number of units con- 
tained in one is different from the number of units in 
the other. But Avogadro’s law constrains the chemist 
to assume that the molecules of various elementary sub- 
stances, notwithstanding the diversity of their weights, 
consist of the same number of atoms. Thus hydrogen 
and chlorine, whose molecular weights arc two and 
seventy-one respectively, are both held to be diatomic, 
i. e., their molecules are held to consist of two atoms 
each. In the case of monads, or univalent elements, 
such as tfiose just mentioned, the reasoning upon which 
this assumption rests is very simple. One volume of 
hyjdrogen combines with one volume of chlorine, form- 
ing two volumes of hydrochloric acid. Each volume of 
this compound, according to Avc^adro’s law, contains 
as many molecules as either volume of the constituent 
simple elements before combination ; the two volumes 
of the compound, therefore, contmn twice as many 
molecules as either volume of the constituents. But, 
in eadr molecule of the oompomod, both hydrogen and 
chlorines are present^ whence it follows that ea(^ mole- 
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cule of hydrogen, as well as each molecnle of* chlorine, 
mnst have contributed at least one atom to each mole- 
cnle,pf hydrochloric add, and thus must have consisted 
of at least two atoms. • 

The argument in the ease of dyads (such as oxygen, 
sulphur, selenium, ete.), and mother elements of still 
higher quantivalence, though somewhat lees simple, is 
equally cogent upoif the basis of Avogadro’s law** 

It may be said that the law in question determines 
only the minimum number of atoms in each molecule, 
leaving the maximum indeterminate, so that,, after all, 
the molecule of greater weight may be of correspond- 
ingly greater complexity. Eut here we encounter an 
obsl^e presented by a branch of the atomic theory in 
physics — ^the science of thermo-dynamics. Modem sci- 
ence regards heat as a form of energy — as consisting in 
an agitation of the molecules or atoms whereof bodies 
are composed ; and, in the case of gaseous bodies at 
least, it discriminates between that part of this energy 
which is exhibited in the form of temperature, attribut- 
ing it to translatoiy motions of the molooules, or rather 
of their centers of mass, and another part — ^the internal 
energy, so called — ^which is supposed to be dependent 
upon oscillatory or rotatory motions of their component 
atoms. It has been shown, experimentally, that the 
ratio of the specific heat of a gas at constant pressure 
to that at constant volnme* falls short of the value 
assigned to it by tlie theory upon the supposition that 
all the heat imparted to a gaseous body is expended in 
producing a translatory motion of the molecules, the 

' * The ** epertfieiieet” e. the heet required to raise the tempera- 
ture of a unit of mass of an; substance obe d^ree) of a gassat oonatant 
pressure under which R expands, is necessarily greater than that at oon- 
stsnt rblume, beesuse in the former case part of the heat is expended in 
themeobanioaltrorkof e^psnskm. e . \ 
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effect being expansion, or increased pressure, or both ; 
and this difference is accounted for by the assumption 
that part of the heat is converted into intramolecular 
agitation, i. e., into motions of the particle^ within the 
molecule which do not affect its position^or action as a 
whole. Now, it is readily seen and has been shown by 
Clausius, Boltzmann, Maxwell, and others, that the en- 
ergy thus converted into intramolecular or interatomic 
agitation must increase as the complexity of the molec- 
ular constitution increases ; it would become enormous, 
therefore, if a molecule consisted of a number of atoms 
so great as to be sufficient to account for the differences 
between the molecular weights of the elements. The 
molecular weight of chlorine, for example, is 35*5 times 
as great as that of hydrogen ; and if these weights arc 
in proportion to the number of atoms contained in each 
molecule, it becomes necessaiy to assume — even grant- 
ing that hydrogen is strictly diatomic — that each chlo- 
rine molecule is composed of no less than seventy-one 
atoms. But, if this assumption were valid, nearly all 
the heat imparted to chlorine would be absorbed, i. e., 
converted into internal energy, and its calculated spe- 
cific heat would far exceed the amount ascertained by 
actual experiment. 

There are thus difficulties iy>t of a speculative, but 
of a purely physical and chemical nature, which render 
the indefinite multiplication of atoms within the mole- 
cule, so as to account for the diversity of molecular 
weights, wholly inadmissible. Several elementary sub- 
stances are known to conform to Avogadro’s law only 
on the supposition that they are monatomic. Among 
them is mercury, wh^ molecular weight coincides 
with its atomic weight as established by. all the chemi- 
cal teet8*applicable to it, Including that of Dulong and 
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Petit’s law. And it has been demdbstrated by Kandt 
and Warburg* that the ratio of the specific heat of 
merwirial vapor at constant pressure to that at constant 
Tolnme, as ascertained by experiment, 'is precisely equal 
to its value calculated upon the basis of the absolute 
simplicity of the mercurial niolecule and of the non- 
absorption of any ^>art of the heat in intramolecular 
action. • * 

In view of all this there seems to be no escape from 
the conclusion that the claim, according to which mod- 
em physical science is throughout a partial and pro- 
gressive solution of the problem of reducing all physi- 
cal phenomena to a e^’Stem of atomic mechanics, is very 
imperfectly, if at all, countenanced by the actual con- 
stitution of theoretical chemistiy — ^that this science, 
which is peculiarly conversant about atoms and their 
motions, is founded upon propositions destractive of 
the very basis upon which alone a consistent super- 
structure of atomic mechanics can be reared. And 
there appears to be little ground for the hope that 
these propositions may be speedily abandoned ; for, in 
the opinion of the most distinguished chemists of the 
day, such an abandonment would throw the mass of 
chemical facts, laboriously ascertained by experiment 
and obs^vation (induc^, partly at least, by the propo- 
sitions in question) into a state of hopeless prescientific 
confusion. 

In reference to the speculations of those who seek 
to deduce the specific difierences between the ultimate 
units -of mi^ from difierenoes between their supposed 
inalienable velorities of motion or amounts of latent 
energy, it is -to be said, not only* that th^ fail to afford 
a solution bf tihe difficulties of theoretical chemistry in 
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the presence of thei> inexorable demands of the mechan- 
ical thooiy, but also that the attribution of inalienable 
energy or motion to a given mass is repugnant ip the 
fundamental populate of the absolute indifference of 
mass to motion. Helmholtz and others liave investi- 
gated the conditions of" vortex motion m a perfectly 
homogeneous, incompressible and frictionless fluid, 
whic1i»(a8 Maxwell has shown) is bf necessity continu- 
ous and can not be molecular or atomic. If these con- 
ditions could be realized, we should have constant but 
undistinguishable volumes of a permanently homoge- 
neous fluid, so called, endowed with constant quantities 
of inalienable motion. But no energy or motion can 
inhere essentially in distinct and separate masses (mole- 
cules or atoms) if, as the mechanical theory assumes, 
mass and motion are disparate — ^if mass is indifferent 
to motion so as to remain the same whether in motion 
or at rest, and if motion is transferable from one mass 
to another. This is one of the points distinctly insisted 
upon by Sir Isaac Newton, the greatest among the 
founders of the mechanical theory, Newton distin- 
guishes between two kinds of force — ^the force of iner- 
tia (vis inertiiie)^ and impressed force (vis imjpressa). 
The fonter alone according to him is vis vnsita^j i. e., 
inheres in matter; while of the latter he expressly says 
that this force consists in action alone and does not 
abide in the body after action.” * 

* ** Con«i 9 fii haee vis in aetione sold^ negue post actionem jpermancf in 
cofpore,*^ Phil. Nat. Frinc. Math., def, iv (dd. Le Seup et Jaoquier, vol 
i, p. 4). 



CHAPTER IV. 

' t ‘ 

THE PEOPOSmON THAT THE ELEMENTARY TTNITB OF MASS 
ARE ABSOLUTELY' HARD AND INELASTIC. 

From the essential disparity of mass and motion and 
the simplicity of the elementary units of mass it follows 
that these units are perfectly hard and inelastic. Elas- 
ticity involves motion of parts and can not, therefore, 
be an attribute of truly simple atoms. The concept 
‘elastic atom,’ ” justly observes Professor Wittwer, “is 
a contradiction in terms, because elasticity presupposes 
parts the distances between which can be increased and 
diminished.” * 

The early founders of the mechanical theoiy^^ re- 
garded the absolute hardness of the component par- 
ticles of matter as an essential feature of tlie original 
order of nature. “ It seems probable to me,” says Sir 
Isaac Kewton, “ that God in the beginning formed mat- 
ter in solid, massy, har^l, impenetrable, movable parti- 
cles of such sizes and figures, and with such other prop- 
erties and in such proportion to space as most conduced 
to the end for which he formed them; and that these 
primitive particles being solids are incomparably harder 
than any porous bodies compounded of them; even so 

* ** Ber Begriif * dastiscbeB Atom ’ ist tine eontradicHo in da 

die EletUoitaet immer wieder Thelle Torauseetzt, die tieh einander naeti- 
em, die eich von dnantdOT entfernen koennen.” Beitraege tax Hoieei^ 
larpbyeik, SSMteohrif t fuer Hail% und Phyt., toL p. 114. 
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veiy hard as neve# to wear or break in pieces ; no or- 
dinary power being able to divide what God himself 
made one in the first creation,” * r' 

Strangely enough, while the requireniont, by the 
mechanical theory, of the absolnte rigidly of the ele- 
mentary units of mass is no less imperative than that 
of tl^ir absolute simplicity, it mqets with an equally 
signal clenial in modem physics. The most conspicuous 
among'the hypotheses which have been devised since 
the general adoption of the modem theories of heat, 
light, electricity and magnetism, and the establishment 
of the doctrine of the conservation of energy,, in order 
to afford consistent ground for the mechanical inter- 
pretation of physical phenomena, is that known as the 
kinetic theory of gases. In the light of this theory a 
gaseous body is a swarm of innumerable solid particles 
incessantly moving about with different velocities in 
rectilinear paths of aU conceivable directions, the veloci- 
ties and directions being changed by mutual encounters 
at intervals which are short in comparison with ordi- 
nary standards of duration, but indefinitely long as com- 
pared with the duration of the encounters. It is readi- 
ly seen tl),at these motions would soon come to an end 
if the particles were wholly inelastic, or imperfectly 
elastic. For in that case there would be loss of motipn 
at every encounter. The assumed perpetuity of the 
motion of the particles, therefore, lea^ to the necessity 
of asserting their perfect elasticity. And this neces- 
sity results, not merely from the peculiar exigencies of 
the kinetic theory of gases, but also from the principle 
of the cqpservation .of qpergy in its general application 
to the ultimate constituents of sensible masses, if these 
coDBtitnents are supposed to be in motion. In the case 

* Optfa^ fourth ed., p. 875. 
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of the collision of ordinary inelastic^' or partially elastic 
bodies there is a loss of motion which is accounted for 
by the conversion of the motion thus lost into an agita- 
tion of the piinnte parts composing thti colliding bodies. 
Bnt in atoms or molecules destitute of parts no such 
convmsion is possible, and henbe we are constrained to 
assume that the ultimate molecules of a gaseous body 
are absolutely Clastic. 

The necessity of attributing perfect elasticity to the 
elementaiy molecules or atoms in view of the kinetic 
theory of gases has been expressly recognized by all its 
founders. “ Gbses,” says Kroenig,* “consist of atoms 
which behave like Bolid,j>ei^ectly elastic spheres mov- 
ing with definite velocities in void space.” This state- 
ment is adopted by Clausius f and emphasized by Max- 
well, the first part of whose essay, “ Illustration of the 
Dynamical Theory of Gases,” is a treatise “ on the mo- 
tions and collisions of jperfe<^ dastic spheres.” if And 
the highest scientific au&orities are equally explicit in 
declaring that the hypothesis of the atomic or molecular 
constitution of matter is in conflict with the doctrine of 
the conservation of energy, unless the atoms or mole- 
cules are assumed to be perfectly elastic. “We are 
forbidden,” says Sir IVilliam Thomson,* “ by the mod- 
em theory of the conservation of energy to assume in- 
elasticity or anything short of perfect elasticity of the 
ultimate molecules, whether of ultra-mundane or mun- 
dane matter,” 

Hattipmlly) eminent advocates of the kinetic hy- 
.pothesis have taxed their ingenuity in the search of 

* ^SS* xdx,^. 816. 

viA. p. 858. 

^ Kil. Hag., 4th ser;, toL xIy, p. ISL 
. , . ^ Tol. xlv, p. 821, 
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methods for the extrication of the mechanical theory 
from the dilemma in which it is thus inrolved. The 
most notable effort thns far made is that of Sir WilHSm 
Thomson, in the form of a conjecture suggested by the 
researches of Helmholtz,* respecting the properties of 
rotational motion in an absolutely homogoneons, in- 
compressible, perfect flnid, to which reference has al- 
ready been made in the preceding chapter^ Thomson 
imagineiS the omnipresence of this flnid, and supposes 
that atoms are in fact vortex-rings formed by rotational 
movements within it. Such rings would be permanent, 
of invariable volume due to an invariable quantity of 
motion, though susceptible of a great variety of form ; 
and some of their features, such as. their modes of im- 
plication, would bo indestructible ; they would be ca- 
pable of being knotted on themselves or linked with 
other vortex-rings, but could never be unknotted or 
untied ; finally they would be incapable of inteipenetra- 
tion or coalescence, and their mutual approaches would 
result in rebounds similar to the resilience of perfectly 
elastic bodies. 

While we willingly yield our homage to the sagaci- 
ty displayed in this attempt to relieve the mechanical 
theory from one of its most fatal embarrassments, it is 
to be feared that its success is altogether illuBOiy. For, 
it seems to be evident tiiat motion in a perfectly homo- 
geneous, incompressible and therefore contmnous fluid 
is. not sensible motion. AH partition of sndi a flnid is 
purely id^L; in q>ite of the displacement of any por- 
tion of it by another portion, a given space wo^d at 
mj moment present the same quantity of substance 
'Itbsolutely* indistinguishable from that present there a 

* Ct. OreU^-Borobwdt's Journal fuer reine tud asgnrandta 
aaffl^ voL I'q p. so. * 
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moment before. There would be ^o phenofaenal dif- 
ference or change. A fluid both destitute and incapable 
of ^liflerence is as impossible a vehicle of real motion 
as pure sp^ee ; it is as useless for t&e purpose of ac- 
counting for the phenomena of material action as the 
quasi-material medium without inertia of which Boger 
Cotes said that it ^tras not to be distinguished |rom a 
vacuum.* ® 

Again, as Maxwell has observed, f the voilcx-ring 
atoms moving in the hypothetical fluid would lack the 
essentia] attribute of matter: inertia. Such atoms would 
consist, not in the substance of the omnipresent fluid, 
but simply in the motions induced therein. Of these 
motions the persistence of both mass and energy would 
have to be predicated, and from them the concretions 
of mass, together with all the phenomena exhibited by 
sensible matter, would have to be derived. But that is 
impossible. From its very nature motion can not be the 
bearer of motion, nor can it, by itself, be the generator 
of momentum which is essentially the product of two 
antagonistio factors, and which would be utterly extin- 
guished by the suppresuon of either. Upon the basis 
of the mechanical ^eory, the fundamental antithesis 
between mass and ration, inertia and energy, can not be 
desbroyed without an pblitmution of all the distinctions 
udiioh constitute the elements of our oonceptaons re- 
speoting the nature of physical action. 

Auother attempt, somewhat analogous to that of Sir 
Willisip Thomson, to dispense with the neeessily of en« 

* ooelQB ]ii*teri& fiiiidA repletos esse Tolnnt, faaiio Tero non in- 
oriem 4Bino Btaiuimt, hi vorbla toBnnt vacuum, re ponttnt Nam dum 
hv^iMnupdl materjiu Aotda ratioae seoemi poaeit ah fnimi Bpatio; 
dtiipatewtu<aa fit de rexw naturUu Bmetln New* 

tdnS NM. I^na ed. Le Sour & Jaoquier, p. 2S. 
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dowing tSe elementary atoms with the intrinsic prop- 
erly of elasticity has been made by A. Secchi. This 
distingiiiahed physicist and astronomer also derives^e 
resilience of the ultimate particles from their rotatory 
motion ; but his atoms, unlike those of Thomson, are real 
corpuscles separated by unde interstitial spaces, and not 
mere provements in a continuous ^nd incompressible 
aether^ medium. Secchi clearly apprehends the inad- 
missibility of attribnting elasticity to simple elementary 
atoms.* “It is evident,” he says,* “tliat, while it is 
possible to admit its existence in a compound molecule, 
the same thing can not be done in the case of elementary 
atoms. Indeed, elasticity in the received sense pre- 
supposes void spaces in the interior of the molecule 
whose form is changed by compression so as to return, 
afterward, to its original figure. Now, we regard the 
atoms as impenetrable, and not as groups of solid par- 
ticles ; hence they can not include void spaces which 
permit their dilatation and contraction. 

“In truth, what we call a molecule of a simple (i. e., 
diemically imdeoomposable) gai is not an elementary 
atom, or at least is not necessarily one. Inasmuch as 
this gaseous molecule is an aggrega^ of veritable atoms, 
it may well be that it has interqal piree, and, generally^ 
a number of properties which do^ot belong to its con- 
stituent atoms ; it is not absurd, therefore, to suppose 
it to be endowed with elasticity. Huygens has ad- 
mitted this hypothesis for the tether. In hie opinion 
theaethereal partides are composed of smaller ones; 
hut on closer esaminati<m it is seen that this is a mere 
shiftitig the diffioully^ and not a solntimi of it. We 
hope to be able to show that it is nowise necessary to 
aco^ sneih an dastidty as a primitive force, and that 

dss twoM phrsiqne^ Sum td., p> ^ 

ea 
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the apparent repnlsion of the atonui and theii'reciprocal 
collisions can be simply referred to an appropriate mo- 
tioih^ it being sufficient for this purpose to sappose them 
to be in rotation. Let ns prove this : 

“Among the beautiful theorems discovered bjPdn- 
sot respecting the impact of trodies in rotation is found 
one rekt’ng to their reflection from a resisting obstacle. 
It teaches us that by virtue of its rotation alone^ a hard 
and inelastic body c^ rebound absolutely like* a body 
perfectly elastic ; more than that : one of these bodies, 
thrown against a fixed obstade, is often sent back with 
a velocity superior to its initial velocity. The profound 
mathematician shows how this phenomenon, paradoxi- 
cal as it seems, is due to the transformation of part of 
its rotatory motion into motion of translation ; whence 
results an increase of the velocity of the center of grav- 
ity. According tO' the ordinary theories of impact, in 
which no account is taken of the motion of rotation, 
the preceding proposition is absurd, and nevertheless it 
is perfectly established. Thus, by the side of oases of 
ordinary r^fieciion we ^nd the phenomena of progrea- 
wm; we might also, using the expression of Poinsot, 
call them negatim v^leetima. 

« In negative rmection after impact, the center of 
gravity of the body ^tums with a velocity superior to 
that which it had at first. These questions form a 
wholly new and very interesting brandi of mechanics ; 
they are easily dononstrated by compounding the two 
movements of rotation and translatimi, considered with 
refereDce to the centers of gravity, of rotation and of 
peretissicm ; and we readily imdeistand that 
it may be said: an impact, whatever it may be, can 
never simnlianeonsly annihilate in a body the two mo- 
tions of rotatiDn and of trandation; for, when the im- 
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pact is eccentric, it can destroy rotation and not trans* 
ktion, and, when the direction of the impact passes 
through the center of gravity, it can annihilate traqsla- 
tion, bnt not rotation. Thus, the quantity of motion 
lost on the one side is gained on the oriier ; ^e rotation 
may either be reversed or* simply accelerate according 
to the point of the body which is struck ; whence the 
notioif nf cmtera of wtmraion. Ez&mples of reflection 
sncceeding the impact of bodies in rotation nre found 
in the^ movements of disks and quoits, the impact of 
spinning-tops, etc. Billiard-players know perfectly how 
the rotation of the balls modifies the laws relating to 
the impact of elastic bodies as established in the ele- 
mentoiy treatises.” * 

Unfortunately, the theory thus advanced finds little 
support in Foinsot’s theorems. Secchi maintains' that 
the impact of a rotating body, when it is eccentric, 
** can destroy rotation, but not translation,” and, when 
its direction passes through the center of gravity, “ it 
can annihilate translation, but not rotation,” so tiut in 
either case “the quantity of motion lost on the one side 
is gained on the other.” f But, from a careful examina- 
tion of Poinsot’s memoir, it appears th^ after the colli- 

• ''is! * 

* The theorems to which Secchi refers ate eontained In the last of a 
series of memoirs (Questions Dynamiques sur la Percussion des Corps) 
contributed by M. Poinsot to Liourille’s Journal de Mathdmatiques 
pores et appUqu^es, 2me sdrie, t. ii (1857)^ p. 281 sag., and t iv (1859), 
p. 421 9eq, This remarkable memoir was published (and probably writ- 
ten) by the octogenarian geometer shortly before his death ; the last in- 
stallment, inde^, was published after his death in the same number of 
Liourille’s Journal wluch contained the addresses pronounced at his 
funeral by MIL Bertrand and Mathieiu 

t SmhitinTariably speaks qf loss or gain of ** quantity of motion*’; 
but bis argument requires that this should be interpreted as meaning loss 
or gain of energy. Whether or not this is hla^own meanixig, I do not 
undertake ^ say. ^ 
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sion of rotating inelastic bodies, their rotation, or trans- 
lation, or both are conserved, or the increase, diminn- 
tioi^ or loss of the one is compensated for b7 the 
diminution, increase or gain of the Other, only in cer- 
tain special cases. Foinsot shows * that, when a rotat- 
ing inelastic body encounters a fixed obstacle, it de- 
pends on the distance between the spontaneous center 
of rotation and the center of gravity whether thh body 
shall be reflected with a translatory velocity' greater 
than, equal to, or lees than its initial velocity, or shall 
lose its translatory velodly altogether. In the first 
place, there are always, between the center of gravity 
and the center of percussion, “ two points such that, if 
the rotating body strikes the obstacle in the line of 
either, its center of gravity will be reflected with an 
increased velocity.” f second place, “ there are 

always, in every advancing rotating body, two points 
of perfect reflection, i. e., two points such that, if the 
body strikes an obstacle in the line of either, it will be 
reflected with a velocity perfectly equal to the velocity 
with whidi it is animated,”:^ so that “the center of 
gravity of the body is reflected in space as though the 
body were perfectly elastio.” Bitt, when this ooours, 
the loses, m iSw one ease one iMrd, dtnd in the 
oih^ two thk^ Us ndoeUy of rotation.* Finally, in 
the third cas^ “ if the obstacle is presented, either to 
the center of gravity or to the center of percussion, the 
velocity of translation is equally destroyed, the only 
between the two cases being that in the first 
case ohly the velocity of transktimi is destroyed mth- 
oid alteration of the velocity of rotation ; wldle in the 



■* , f. 

« Uoarilld, Jframal, «to., Sme a6i|e, t. ii^ p. 288 »eq. 
A} p<' 804* 
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second c«&e both the velocitj of translation and the 
velocity of rotation are annihilated.” * 

The truth is, therefore, that in the only instancy of 
perfect reflection*specified by Poinsot therejis a loss of 
either one third or two thirds of the rotatory motion 
not compensated for by aSiy increase of translatoiy mo- 
tion, |nd that there are cases of in^ct in which both 
the molion of translation and that of rotation sunulta- 
neously disappear.f 

That Secchi should have deemed it possible to de- 
volve the duty of conserving the energy of colliding 
atoms upon rotation as a substitute for the ‘‘occult 
qmdily” of perfect elasticity, seems almost incredible 
when we come to consider the use he makes of his own 
theory. This theory, according to hirrt, serv^es as an 
explanatirm of a number of things, among which are the 
formation of molecular aggr^tes from simple atoms, 
and the phenomena of gravitation. The aggregation of 
atoms, so as to form compormd molecules, he explains 
thus : j; “ Suppose an extreme case, viz., the collision of 
* L, c., p. 308. 

f Although I have long since become utterly indifferent to questions 
and claims of priority, it may not be improp^. to say her^that the fore- 
going pages Vere written before I had seep dbe Tory able pu^phlet Das 
Raethsel der Schwerkraft ” (Braunschweig, Vieweg und Sohn, 1879), of 
D. 0. Isenkrabe, with whom 1 am happy tosfind myself in accord as to the 
validity of Sccchi’s attempt to deduce the property of perfect resilience 
from the rotation of inelastic bodies by the aid of Poinsot’s eiposition of 
the theory of rotation, although I m not, of course, accede to Isenkrahe’s 
own theory of gravitation. There' are other coincidences— all the more 
interesting because they are, no doubt, wholly accidental — ^between the 
. criticisins contained in '^s pamphlet of Spiller’s speculations and my es- 
tim^e of them which was first published in The Popular Sdence Month- 
ly, January* 1874. It is to be {^retted that Isenkrabe, before publish- 
ing bis essay, had not eeen William B. Tkylor’s important memoir, herein?* 
after referred to, (m U Sinetio Theories of Gravitati^” 
i £*ualtd» etc., p. 81 
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two atoms endowed solely with Aanslation,*^ or, again, 
vtrvpmgvng on one cmother so that they cam not rebotmd ” 
(wtdeh would happen if rotating atoms collided in the 
direction v>f their axes of rotation).*' “Evidently the 
atoms will ];emain united in the same way as the bodies 
called ‘hard ’ by the mechanicians, and they will form 
a system animated by the movement of translation re- 
sulting from the two other movements. This system 
will be able to act like a single corpuscule whose mass 
is double, triple or generally a multiple of that of a 
simple atom according as two or a greater number of 
atoms are thus imited. Here we have an obvious in- 
stance of an aggregate of atoms bound to each other, 
not by the influence of any sort of attraction, but by 
simple inertia.” Judging from this passage, Secchi 
could hardly have been ignorant of the fact that tlie 
collision of rotating inelastic bodies does not always re- 
sult in pseudo-elastic resilience. And in its application 
to the phenomena of gravitation his theory is plainly 
destructive of its own foundations. He seeks to ac- 
count for gravitation upon the assumption that the 
density of the mthereal medium which surrounds all 
ponderablfii bodies or molecules increases froni their cen- 
ters outward ; * and this increase of density is said to be 

* This Bupposition is idAtlcal with that of Sir Isaao Newton, who 
in his letter to Boyle (Newton’s Works, ed. Horsley, yoI. Iy, p. 886 
speonlating on the ** cause of graYity ” said : ** I will suppose ether to 
consist of parts differing from one another in subtilly by Ignite degrees 
... in such a manner that from the top of the air to the surface of the 
earth, and again from the surface of the earth to the centre thereof, the 
cether Is insmi^bly finer and finer. Imagine now any body suiqmded in 
the lur or lyin(^ on the earth, and the^eether being by thg hypotheids 
grosser in the pores which are in the upper parts of the body Uum in 
those which site in the lower parts, and that grosser sether being less apt 
to be IcNlg^ id thM pores than the finer |^her below, it will endeaYor 
to get out^and'glYe way to the finer s^her below, wfaidbi esn not be with^ 

, imt the bodies ddtoeuding to make room above to 
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a consequbnce of thft progressive conversion of rotatory 
into translatory motion of the sethereal partideis, so that 
these particles are perpetually driven from the “centers 
of agitation ” ontVard. “ Evidently,” says §ecchi,* “ a 
center of agitation, even when it is single^ provided it 
is animated by a movement sufficiently energetic and 
durable, may determine the agitation of an unlimited 
mediuffi, and so modify it tilrat the densify,, least at its 
center, increases in proportion as we approach the cir- 
cumference.” Secchi assigns no reason why there diould 
be a perpetual increase in the translatory motions of the 
sethereal particles at the expense of their rotatory mo- 
tions — why the transformation should always, or gen- 
erally, be ]^m rotatory into translatory motion and not 
conversely; nor does he indicate the source of that 
“ energetic and durable ” agitation at the center which 
is said to be productive of a continual agitation of a 
boundless sethereal sphere ; so that his explanation of the 
phenomena of gravitation is of vejy questionable valid- 
ity. But, waiving this ; surely, if the rotatory motion 
of the hard particles is gradually transformed into trans- 
latory motion, there is, by his own showing, an end to 
their resilience, and we are again in full pre^pce of the 
unsolved problem of the reconciliation between the per- 
petual impact of simple, hard, gnd therefore inelastic 
atoms and the conservation of their initial energy. 

The difficulty, then, appears to be inherent and in- 
soluble. There is no method known to physical sci- 
ence which enables it to rmiounce the assumption of the 
perfect elastidty of the particles whereof ponderable 
bodies and their hypothetical imponderable envelopes 
are said to be composeif, however clearly this assump- 
tion conflicts with one of the essential requirements of 
the mechmucal theory. 

* il 



CHAPTER V, 

‘ «• 

THB PBOFOSmOK TJIAT THE ELEMBNTAST UNITB OF ICiLBB 

ABE ABSOLTTTELT INKBT. 

Mass and motion being rantnallj inconvertible, mass 
is absolutely inert. It can induce motion in another 
mass only by transferring a part or the whole of its own 
motion. And, inasmuch as motion can not exist by 
itself, but requires mass as its necessary substratum, 
such transference can not take place unless the masses 
between which it occurs are in contact. All physical 
action, therefore, is by impact ; action at a distance is 
impossible; there are in nature no pulls, but only 
thrusts ; and all force is not merely (in the language of 
Kewton) vis m^pressa, but vis a tergo. 

The necessity of reducing all physical action to im- 
pact has been a persistent tenet among phymcists ever 
since the birth of modem physical science. * And yet, 
here again, as in the cases discussed in the two prey- 
ing chapters, science nses in revolt against its own fun- 
damental assumptions. Its' first and greatest achieve' 
mmt was Newton’s reduction of all the phenomena of 
celestial motion to the principle of universal gravitar 
tioa->-to the principle that all bodies whatever attrset 
each other with a force proportional directly to their 
masses and inversely to the squares of the diilances be- 
tween thi^. 

\ That. ^ doctrine of imiveraal grayitatbo^ in the 
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sense of da attractibn at a distance without the inter- 
vention of a medium capable of propagating mechanical 
impulses, is at variance with the elements of the* me- 
chanical theory wlus felt by no one more distinctly than 
by Newton himself. At the very outset pf his Prm- 
eipia he carefully guardei^ against the imputation that 
he looked upon gravity as an ess^tial and inherent 
attribute of matter or believed the mutual attraction of 
bodies to be an ultimate physical fact. The force which 
urges Jbodies in their central approach was to him, as 
he expressly says, a purely mathematical concept in- 
volving no consideration of real and primary physical 
causes.* .And, evidently apprehensive lest litis dis- 
claimer should, after all, be lost sight of, he repeated it, 
in terms no less explicit, at the close of his great work. 
“ The reason of these properties of gravity,” he said, 
I have not, as yet, been able to deduce ; and I frame 
no hypotheses.” f If, after this, tliere were still room 
for doubt as to Newton’s opiuions respecting the nature 
of gravity, it would be removed by the well-known 
passage in his third letter to Bentley. It is incon- 
ceivable that inanimate brute matter should, without 
the mediation of something else which is not maternal, 
operate upon and affect other matter, without mutual 
contact, as it must do if gravii^on, in the sense of 
Epicurus, be essential and inherent in it. And this is 
the reason why I desired you would not ascribe irmate 
gravity to me. That gravity should be innate, inherent 
and essential to matter, so that one body may act upon 

* “ dmkaalt eri hie eoneeptus, Nam virkm eamu eC 

aede$ phpeUa^jamwm Prine.,. tUI 

f “ IhiHmtmi ven hairum nendumptOm deda- 

cere ; et nxm Princ,, Schol. Gen* ad fin. The same 

diedaimer is implied in thejrordsof a Bcholinm to die 29th Tbeotcan, 
69, Blok ^ of the 
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another at a distance, through a \«caam, without the 
inediation of anything else by and through which their 
action may be conveyed from one to another, is to me 
BO great an. absurdity that I believe nb man, who has in 
philosophici^ matters a competent faculty of thinking, 
can ever fall into it. Gravify must be caused by an 
agent acting constantly according to certain laws ; but, 
whether this agent be material or immaterial,*! have 
left to the consideration of my readers.” * < < 

There is still further evidence that Kewton regarded 
universal gravitation as a secondary phenomenon, to be 
explained on the principles of ordinary impact or press- 
ure. In the later option of his Opticks he pro- 
pounds certain Queries ” relating to the possibility of 
deducing some of the properties of light &om the un- 
dulations of an all-pervading ether, and adds (Query 
21) : ** Is not this medium much rarer within the dense 
bodies of the sun, stars, planets, and copoets, than in the 
empty celestial spaces between them ? And, in passing 
from them to great distances, doth it not grow denser- 
and denser perpetually, and thereby cause the gravity 
of those great bodies towards one another, and of their 
parts towards the bodies ; every body endeavoring to 
go from the denser parts of the me(hnm towards the 
rarer.” f , 

* Newton's Works, ed. S. Horsley, voL iv, p. 4S8. Zoellner (Prin. 
cipien dner electrodynamischen Theorie der Materle, vol i, preface) at« 
tempts to breaJt the loroe of tbb and other passaj^s in the writings of 
Newton, bnt, as It appears to me, wholly without avail 

f Optirics, 4th ed., p,426. The ^^Queriea** appeared for the first 
time in the second ^tion of the Opticks, in ^e preface to whidi 
Newton ^in Says : ** To shew that I do not take gravity for an eaaehtial 
prqMMiy: of bodies I have added one question oonoemlng lA cause,, dius« 
iug tdprppose it liy way of a question, because 1 am not satisfied about 
it lor want of foqpNsrimentii.’’ I hare already cited in anotiier place (su- 
jwas P* 1 ^) A ^ 
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NotwkliBtanding these explicit declarations, Hew- 
ton’s contemporaries took alarm at the apparent return 
of occult causes into the domain of physics. It is in- 
teresting to note liie energy with which the philosophers 
and mathematicians of his day protested against the 
assumption of physical action at a distance. Huygens 
did not hesitate to say that ** Hewton’s principle of at- 
tractiofl appeared to him absurd.”* Leibnitz called it 
“an incorporeal and inexplicable power”; John Ber- 
noullit who sent to the Academy of Paris two essays, in 
which he sought to explain the movements of the plan- 
ets by an improved form of the Cartesian theory of 
vortices, denoxmced “the two suppositions of an at- 
tractive faculty and a perfect void ” as “ revolting to 
minds accustomed to receiving no principle in physics 
save those which are incontestable and evident.” Hor 
did the principle of distant action find greater favor 
with the physicists and astronomers of a later generap 
tion. Euler observed that the action of gravity must 
be due either to the intervention of a spirit or to that 
of some subtle material medium escaping the perception 
of our senses ; and he insisted that the latter was the 
only admissible alternative, although the exact demon- 
stration df the origin of gravitative force might be 
difficult or impossible.* His great rival and antagonist, 
D’Alembert, relegated gravity to that class of causes 
productive of motion whose real nature 4S to us entirely 
unknown, in contradistinction to action by impact, of 
which we have a dear medianieal conception, f And, 

* Euler, ‘^Theoria motile oorpontm soUdonim/’ p. 68. Bee also his 
** Lettrea 6 une prinoeese d^AOemagne,’’ No. 66. October 18, 1760. 

f D’Aldhkbert, ^ Ppuanlqu^* (2me 6d.X p. is ssp. It is well known 
how slowly and relnetantly the Newtonian philosophy found reoognitioii 
imd acceptance in Fhince^ where, Oarteaianism held undisputed spay al* 
most to the end of Uie eighihenth century. What the Cartesians geneN 



COlTOEFrS OF HODEBK raTBIOBr 

in spite of the assertion of John Stuart Mill fflid others 
that the thinkers of our own time have emancipated 
themselves from the old prejudice against ac^ m dia- 
ta/My it is egsy to show that it is almost, if not quite, as 
prevalent now as it was two centuries ago. To cite hut 
a few instances: Professor Challis, who has spent a 
number of years in the efiort to establish a complete 
hydro-dynamical theory of attraction, says : “ There is 
no other kind of force than pressure by contact'of one 
body with another. This hypothesis is made on the 
principle of admitting no fundamental ideas that are 
not . referable to sensation and experience. It is true 
that we see bodies obeying the inilnence of an external 
force, as when a body descends toward the earth by the 
action of gravity ; so far as the sense of sight informs 
us, we do not in such eases perceive either the contact 
or tlio pressure of another body. But we have also 
the sense of touch or of pressure by contact — ^for in- 
stance, of the hand with another body — and we feel in 
ourselves the power of causing motion by such press- 
ure. The consciousness of this power and the sense 
of toudi give a distinct idea, such as all the world un- 
derstands and acts upon, as to how a body may be 
moved ; and the rule of philosophy which makes per- 
sonal sensation and experience the basis of scientific 

knowledge, as they are the basis of the knowledge that 

* 

■Uy thooi^ of the dbtsnt Mtion of gtavitetlon may be gathered from a 
IMijperiead by Sanrin to the AcadSndedes Sdenoes in lfO0, from which 
XjQeatoa Qaneapondmie^hotween Hmrttm and Ooiea,” p. 818) makes 
the Mlva^quotanoii: "|l ^ewton) sime mleoz consider la peaaii- 
tear eonailM.aae 4 iialitd lafatraite dam las eorpa et raqener les iddea 
taiit dd^ea de qef^ti oconlte et d’attraiMon.** If we abaadoa mediam 
leal pchMii^ the pitadplee of mediaiiiioal impaot and piopid8toa)i 
Imoeht^imt **a<kU TaiIare^oagdadeiu>aTeBndaii8 lea ascieti^ 
bteedn piiiipat4l^|eme' dmA le dd noiu TeolHk pcdaerrer.** . • 
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regnlateB the conmloii transactions of life, forbids rec- 
ognizing any other mode than this. When, therefore, 
a body is caused to more without apparent contackand 
pressure of another body, it must still be consluded that 
the pressing body, although invisible, exists, unless we 
are prepared to admit thaf there are physical operations 
which^are, and ever will be, incon^prehensible by us. 
This admission is incompatible with the principles of 
the philosophy I am advocating, whi(di assume that the 
information of the senses is adequate, with the aid of 
mathematical reasoning, to explain phenomena of all 
kinds. . . . AU physical force being pressure, there 
must be a medium by which the pressure is exerted.” * 
With equal vigor the ‘‘assumption” of universal at- 
traction is reprobated as “an absurdity” by James 
CrolL “No principle” he contends, “will ever be 
generally received that stands in opposition to the old 
adage, ‘ A thing can not act where it is not,’ any more 
than it would were it to stand in opposition to that 
other adage, ‘ A thing can not act before it is or when 
it is not.’ ” t Secchi protests in almost the same words. 
“ We have said elsewhere,” he declares, “ how impossi- 
ble it is to conceive what is called an attractive force in 
the strict ^nse of the term, that is, to imagine an ac- 
tive principle having its seat wlljiin the molecules and 
acting without a medium through an absolute void. 
This amounts to an admission that bodiel act upon each 
other at a distance, that is, where they are not : an ab- 
surd hypothesis — equally absurd i|i the case of enor- 
mous and in that of very small distances.” Friedridi 

' * "bn the Fnn daman tel of Matter and Force in TheoretM 

ntfsiOB,*' Flm. Mag., 4tb eeties, toL mi, p. 4S7. 

;t " On Oeitain Brpothetical BlMnenta in the Iheoij of OrarltatisB,’' 
iPUtMag., 4th Mtiee, toL S3^T, p. iBO. 

I I/nnki^ etc., p. SS2 ttg. . 
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Ifohr (wHo appears to be entitled to the honor of har<> 
^ distinctly annonnced the principle of the conser- 
vafion of energy, even before Julius Kobert Mayer) 
formulates <his scientific creed in annniiber of “ Theses,” 
among whicti is this : “ Gravity can not act except by 
the interposition of ponderable matter.” * So also E. 
Du Bois-Reymond : “ Forces acting through void space 
are in them^lves inconceivable, nay absurd, ainl have 
become familiar concepts ^mong physicists since ll'ew- 
ton’s time from a misapprehension of his doctriive and 
against his express warning.” f And finally Balfour 
Stewart and P. G. Tait : “ Of course, the assumption 
of action at a distance may be made to account for any< 
thing ; but it is impossible (as [N'ewton long ago pointed 
out in his celebrated letter to Bentley) for any one 
‘ who has in philosophical matters a competent faculty 
of thinking ’ for a moment to admit the possibility of 
such action.” 

The most conclusive evidence, however, of the re- 
pugnance between the assumption of distant attraction 
and the elementaiy concepts of medianical action is 
found in the incessant renewal, by distinguished men 
since Newton’s day, of the attempts to aocoimt for the 
phenomena of gravitation on the primnple^ of fluid 
pressure or so}^ impact.* These attempts have recently 

*"Xoi^8V materi& poaderabili interpo8it& attraotio a|p9re poteBt,*’ 
Oesiebiebto der Erd* Appqndiz, p. &12. 

t ITebdr die Greosea dos NatiireibeimeQS,; etc.^ p. 11. 
i The Unseen Universe, ibird ed. ( 187 !^)» P- 
* 0Q{Qj9 of tbm attempt ai« very My ^sonssed la a recent mem^ 
bjW|KUtinB. Ta]flOT: "Elnetlo Theories of Gravitation,^ Sbiitliflcmton 
Bqiioriv ld?6; This: li^restl^ essay, though quite exhaostive in tb 
enoinenticHi ^ ^ theories of' English m,Frendt origin, sfiight bo enih 
plein«nted,by aeot^^ to German atildM aW iKMrin 

theumo ^}ec«. ^ o.|^^ ^hrfmtm,;**]Meri 9 gemeine 

Anr^ .]|Aders8<^^lrie Meribanik der 
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become reiavcstod Vitli on extraordinaiy interest in 
ooneequonco of the reealts of certain experiments of 
Frofesbor Ghitluie, who found that light bodies* sns- 
pended near a vibrating disk were drawn toward it *‘as 
b^ an invisible chord ’’—a phenomenon which, as Sir 
William Thomson has pointed out, is explained by the 
fact tb^t in a moving fluid the pressure is least where 
the average energy of motion is greatest.** 

In the eyes of modem physios all modes of action 
whidh*appear to be propagated radially from a center 
are progressive oscillations in elastic media. It is natn^ 
ral, therefore, to look for the physical cause of gravita> 
tion in the same direction. Knmerons theories have 
been advanced in which gravitation is referred to the 
wave-motion of an elastic interstellar and interatomic 
fluid similar to, or identical with, the luminiferous 
ether. The most noteworthy of these theories is that 

tion,” Brodan, ISH (containing a photogiaph of tho iwolts of an ex. 
perimeot in vUch the effects of gravitation are dmulated by a ball float- 
ing U water a(ptatcil a series of radial impulses) ; “ Zur Loesung des 
Broblena ueber £Btz nnd Wesen der Anriehung” — Vt yersammlnng 
deutedier Natoreforscher nnd Aerzte su Breslau, 1694 ; Hugo Fritach, 
** Tbeorie der Newton’sehen Gravitation und dcs Hariotte’sdien Gesetscs,” 
Koenigiberf^ 4894 ; fh. SpUler, ” Die ITifcraft des Weltalls," Berlin, 
1896, eta It b somewhat strange tliat Mr. Tayior should have omitted 
aU reference to Huygens’s obborato Dissort^o do cansA gmvhatis ” 
(Sugsaii, 0pp. Beiiqua, nd. i, p 95 s«p, Amstdod, 1928), as wdl as to 
the equally elaborate tiieory of P. A. Seodil, to w^jdi allmdco has al- 
Ma8|y been made in the fourth chapter, hi oUr own coimtiy Professor 
Pliny Bade Chase has made latgs eOntribntions to tfab class of Uterstnre. 

* Guthrie’s esperiments had been anticipaledt without bia knowledge, 
bF Gnyot, EdwUbach, and others, as appears from a c ommun ication 
df'Giirfhrie himself to the Philosophlael Uaflasine (fonrtii series, voL 
titi p. 400 argi)w Bqierimeutseslmilar to thoso of Anrd Anderwohn 
Here msdo kmg ego hF HmIm ud Hnygnis, both of iriiom showed that 
Ui4ioa floating on watte agitated hy waves ware drawn toward the eanler 
o«aifl)lHh>n« Ct &(^,’'B]aade oanil gradtatb,” Cpp. BtUqte) 1. 
pWssif. 


K 
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of Professor ChalliB, who assnmes that all space is filled 
with a vibrating sether which “is a continuous elasdo 
nie(£um perfectly fluid and pressing^ proportionally to 
its density;” Challis, though veiy desirous of avoiding 
the cumulation ipf hypothetical media, and endeavoring 
to construe gravitative action as an incidental or resid- 
ual effect of the luminar and thermal vibrations presort- 
ing, for this, purpose, to investigations analogous to 
those of Daniel Bernoulli, who attempted, more than a 
century ago, to show that the relative motions of bodies 
composing a material system are compounds of simple, 
regular, and permanent oscillations of different kinds) 
is constrained at last to suggest that there may be 
an sether of a higher order “having the same relation 
to the first as that has to air, and so on oef 
and that “ the form of gravity is due to the attractive 
action of a molecule of a higher order as to magnitude 
than the molecule of molecular attraction.” I shall 
have occasion, in a subsequent chapter, to discuss the 
scientific value of theories of this sort, in which facts 
are explained by an indefinite number of arbitrary as- 
sumptions multiplied in proportion to the emergencies 
created by the theories themselves; for thg present it 
is sufficient to observe that all hydro4ynamical theories 
of gravffation are obnoxious to the fatd criticism of 
Arago : “If aighection is the result of the impulsion of 
a fluid, its action must employ a finite time in traversing 
the immense spaces which separate the celestial bod* 
ieil,”* 'whereas there is now no longer any reason to 
dbn^ that the action <ff gravity is instantaneous. If' it. ; 
We 0 !iImrwise>'df gravity, like light or eleefc^^eity, ww 
popikgated wilh a measnrable velociiy-;-there would 
hecWrily be. a composition of this vetomly with W 

j voL W, lltl . 
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angular orbital velffbities of the planets resulting in 
their acceleration ; the apparent line of attraction would 
be directed to a point in advance of the real place* of 
the sun, just as t^e sun’s apparent position is displaced 
in the direction of the earth’s orbital motion by the 
aberration of light. Sudi an effect, if !t liad any exist- 
ence, yould have been detected long ago. There was 
, a time when the action of gravity was supposed to be 
progressive. Danid Bernoulli attributed the non-coin- 
cidenoe of the tides with the passage of the moon 
through the meridian to the comparative slowness of 
its propagation; and, at a later period, Laplace con- 
ceived for a moment that the gradual acceleration of 
the moon’s mean motion (first ascertained by Halley by 
a comparison of modern lunar eclipses with those re- 
corded by Ptolemy and the Arabian astronomers) might 
find an explanation in the transmission of the impulse 
of gravity with a velocity exceeding that of light not 
less than eight million times. But the retardation of 
the tides is now known to be a consequence of the iner- 
tia of the water and of the obstacles which it encoun- 
ters in its flow; and the acederation of the moon’s 
motion wjs soon shown, by Laplace himself, to be 
caused, in great part at least, by the secular diminution 
of ]th.e eccentridty of -the orbit the earth. For this 

reason Laplace did not hesitate to declare that, if the 
action of gravity was propagated in tune, its velocity 
must be at least ^y million times greater than that of 
light. It is lame that the cause assigned by him for 
the phenomenon in questi^ has since been found to be 
inadeqna(jp to its prodne^on. From a revision of the 
ddoolations of the French astronomer by Hr. Adams, 
same yean ago, it appeared tbftt the diminution of the 
ieebeutriefty of the eafth’s orbit could at best account. 

hS' ■ 
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for a lunar acceleration of six seccbds in on^ centnrj, 
instead of ton seconds, the amoimt of acceleration as- 
sumed by Laplace, and furthermore, that the accelera- 
tion amounted in fact to nearly twelve seconds. A part 
of the phenconenon, therefore, had to be traced to other 
causes; and this has been successfully effected by show- 
ing its dependence upon the tidal retardation pf the 
diurnal motion of the earth which occasions ah appar- 
ent acceleration of the 'mean motion of the moon. 

There is thus an entire failure of analogy, in this 
respect, between the action of gravity and the other 
known modes of physical action that are referred to 
{ethereal undulations, such as lights radiant heat and 
electricity, all of which are propagated with a finite 
velocity. There are, moreover, as Mr. Taylor has ob- 
served, other features of gravitation which give rise to 
the i)resumptiou that it is of a nature essentially differ- 
ent from that of other forms of radial action. The 
action of gravity is wholly unsusceptible of interfer- 
ence by intervening obstacles, or, as Jevons expresses 
it,* * all bodies are, as it were, absolutely transparent 
to it;” its direction is in right lines between the cen* 
ters of the attracting masses, and is not subject to re- 
flection or refraction; unlike the forces of cohesion, 
capillarity, chemical Affinity and electric or magnetic 
attraction, it is incapable of exhaustion, or rather satu- 
ration, every body attracting every other body in 
proportion to its mass; it is wholly independent of 
the nature) volume, or structure of the bodies between 
which it oocurs, and its energy is unchangeable, in- 
cessant and inexhaustilde. , 

On the whole, it may be safely said that' the undu- 
lations of a supposed eosmical aether can not be made 

* IFtiociplei of Sviosce, toL ii, p. U4. '' 
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available as a basis for a physical theory of gravitation, 
and that, if snch a theory is to bo framed, resort must 
bo had to the analogies of the kinetic theory recently 
introduced into the science of thermo-dynamics. This 
is Tory frankly admitted by leading physicists of the 
day. “ All kttempts yettn^e,” say Stewart and Tait,'^ 
‘^to connect gravitation with the luminiferous tether, 
or thd •medium required to explain oloctric and mag- 
netic distance-action, have completely failed, so that 
we are api>arently driven to the impact theory as the 
only possible one.” The only Impact theory boriouHly 
discusbed by modem physicists and astronomers is tli.it 
of Lo Sagc,f wliich, stated in a few words, is this: 
Space is constantly traversed in all directions by 
streams of infinitely small bodies moving with on al- 
most infinite velocity and coming from nnknown re- 
gions of the universe. These bodies are termed 
" ultramundane corpuscolcs.” By reason of their mi- 
nuteness they rarely, if ever, collide, and the greater 
part of them find ready passage through ordinary 
sensible bodies, so that all parts of these bodies — ^thoso 
in the interior as well as those on the surface — are 
equally liable to be struck by the corpuscules, the force 
of the imf^act being thus proportional, not to the sur- 
faces, but to the masses of the bodies. A single body 
or particle would be equally batfered by these coipus- 

* The tTnieea Univene, § 140 . 

t Ango loggeitt (Astr. pop., It, p. 118 ) that the thooiy of Le Sage 
is eimidy » teprodncUoa, in an hnptoyed form, vt the ayatematic ideas of 
Fetto de DnUlere (the insane and meddlesome partban of Newton in his 
coolSQversy with Ldbnits respecting the priority in the invention of the 
diflerential ealonlns) and Vaiigbon, which had been oommnnicated to 
lie Sage before their pnbUeation. Bat this is probablv an error , Vari- 
gnon’s speerdationa, at least, were similar to thoae of Newton in the Slat 
Query oC hit “Optida.’' • 
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calcs on all sides; bat any two bodies act os matoal 
screens, so that .each rccoircs a less nnniber of impacts 
on‘t]ie side facing? the other. They arc consoqaontly 
driven towprd each other. The motion of the coiq)as- 
cnles being rectilinear in all directions, the diiiunution 
of prcBsni'e ^^hns resnlting is inversely as tTie squares of 
the distances between the bodies affected. 

With all deference due to the authority of tl»a* scien- 
tific men by whom tliis tlieory has been eountonancod, 
it must be said that the extravagance of its assninptJons 
at once eliaractCTlzes it as a survival of tlie fancies of an 
age in which tlio functions of a scientific theoiy were 
imperfectly understood. Its intellectnal consanguinity 
with the old vortices and Inirmonic circulations is un- 
mistakable. It utterly ignores the necessity of account- 
ing for the origin of the enormous energy constantly 
expended by the supposed streams of ultramundane 
corimsculcB ; both the agency postulated and the mode of 
its action are unknown to experience ; and it is doubt- 
ful whether its assumptions, if they could bo granted, 
would servo as an oxpknatiun of all or any of the feat- 
ures of gravitation in the presence of which, as we have 
seen, every hydro-dynamic theory is doomed to faHure. 

. The f utili^ of Le Sage’s theory, however, is inost strik- 
ingly exhibited by Clerk Maxwell,* who tests it by the 
principle of the conservation of energy. If the ultrar 
mundane coqmsmiles impinging upon sensible bodies 
are perfectly clastic and rebound with the same velocity 
with which they approach, they will “carry their energy 
with them into the ultramnndane regions,” and in that 
event “the corpuscules' rebounding from the body in 
any given diroetiou will bo b«t\i in nxunber attdvdooity 
exactly equivalent to those which are prevented from 

* SiM^oloptMlis Britannica, k v. “Atom.’* * 
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proGcoding in that ^roction by being doiiectod by that 
body, whatever the shape of the body &i^d howevcT 
many bodies are in the field.” In this case, tlierefgre, 
there is no gravjtative action. If, on the other hand, 
the coq)n&cnlprt are inelastic, or imperfectly elastic — 
inasmucli aB*tho action o£ gravity is suppoSod to be dne 
to the comparatively small difference between the im* 
pacts bo opposite sides of tlio body-*-the cnoigy of tliose 
impacts, at least, which balance each other, must be 
(partially or wholly, according to the degree of corpus- 
cular elasticity) converted into heat, and the amount 
of heat so generated would in a few seconds raise the 
body, and in h‘ko manner the whole material universe, 
to a white heat.”* 

Once more, then, science is in irreconcilable conflict 
with one of the fundamental }H)Stulates of'the mechani- 
cal theory. Action at a distance, the impossibility ot 
which the theory is constrained to assort, proves to be 
an ultimate fact inexplicable on the principles of impact 
and pressure of bodies in immediate contact. And this 
fact is the foundation of the most magnificent theoreti- 
cal structure which science has ever erected — a founda- 
tion deepening with every new reach of our telescopic 
vision, ailtt broadening witli every furthei^ stretch of 
mathematical analysis. 

• 

* Mr. S Toiler Freston has recently (Phil. Mag , September and 
Korember, 1877, and February and May, 1878) proposed a modification 
of Le Sage*B theory, in which he leeks to dispense with the nltraroun- 
dane feature of the corpusoulcs, and to account for gravitation upon the 
postulate of the kinetic theory of gases alone. His theory is fouled on 
the assumptions that ** the range of gravity is limited,** and that ** the 
stars move in straight lines and not In orbits.’* In view at these assump- 
tions, and hf my disoossSon of *the kinetic theory of gases In a separate 
dhaptor, I do not deem it necessary to devote any space to It here. 



CHAPTEil VI. 

THB FBOFOBmON THAT ALL FOTEimAL EimU3'f*lS QT 
BBALnr KINETK!. — EFOLXITION OF THE IKKrCBIEE OF 
THB COHBESTATION OF ENEB6T. 

AoooBDiHe to the tnedianical theoiy, motioa, like 
masB, is indestructible and unchangeable; it can not 
Tanish and reappear. Any change in its rate reBolts 
from its distiibntiou among a greater or less number of 
nnits of mass. And, motion and mass being mutually 
inconvertible, nothing but motion can be the cause of 
motion. There is, therefore, no potential eneigy ; all 
energy is in reality kinetic. 

The dose logical connection of this proposition with 
that discussed in the last chapter is obvious, and has 
not escaped the notice of leading physicists, Stewart 
and Tait, after giving an account of Le Sage’s hypothe* 
sis^^whidi, in their opinion, contains the moments, at 
least, <4 tbe only tenable physical theoiy of gravita- 
tion, proceed to say “ If Le Sage’s tlieoiy, or any- 
tyng of a similar nature, be at all a representation of. 
the medianism of gravitation, a fatal blow is dealt 
to tibe noticm of the tranquil form of power we have 
d^yied .potto^ Kot that there cease to 

in Idnd betwemi it and ordi- 
narj^ khmtie emtrgy, ha Aat iaoTH leUl he hetia^or^ 
'to he <to ikne^” * . This declaration has 

, 3!ba UfueeB § lit. 
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oently been repeated by ProfesBor Tait in bis lectnre 
on Force.* 

The proposition bere insisted upon is irrecusable 4}y 
any consistent adMocate of the mechanical theoiy. *Bat, 
again, modem science peremptorily reftises its assent. 
It asserts that all, or neariy physical emmges in the 
universe are mutual conversions of kinetic and poten* 
tial energies — ^that energy is incessantly stored as virtual 
' power and restored as actual motion. When the bob 
of an .ordinary pendulum descends from its highest to 
its lowest point, its potential energy diminishes in pro- 
portion to the increase of its actual motion; when it 
rises again, its energy of motion disappears at the same 
rate up to its arrival at its highest point opposite the 
first, where it is for an instant motionless, all its energy 
being due to its position. And this conversion and re- 
conversion of the two forms of energy are typical alike 
of the supposed oscillations of the ultimate atoms or 
molecules and of the orbital swing of the large bodies 
composing a planetary system. A planet moving in an 
exoentric orbit gains energy of motion as it approaches 
the sun and loses it again in the same proportion as it 
recedes from it. The same mutual transformation is 
exhibited In another wide domain of physical phe- 
ncmena: action due to chemical affinity. A lump of 
cotd lies buried in the earth for a mllion years ; during 
all this time there is no appreciable change in its posi- 
tion as referred to surrounding objects, or in the relative 
positions of its parts~-it is without external or internal 
motion (exc(^t that which it shares with the planet of 
^which it is a piurt) ; now we bring it to the surface, intoi 
the atmosflhmne containing oxygen and into contact with 

. . * Oa Mom AmmM Adviaiow in Pbniioid Sdenoie^ seeoiid ed., 

-■ies' '■ 
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fl flame; its latent power at once ^jeoomes sensible — ^it 
bums, giving rise to vigorous action which manifests 
itself as light and heat. The tendency of modem sci- 
ence* is to trace all physical change ^to a few primary 
forins of potential energy, chief among which are grav- 
ity and chemical aj£nity. Ik the opinion of modem 
physicists, tie only plausible theory, thus far advanced, 
of the origin of stbllar and planetary systems* is that 
known as the nebular , hypothesis ; and, whether we 
adopt its familiar Kant-Laplacean form, or one of its 
more recent modifleations, in either case all the molar, 
if not the molecular, forces of the universe are ulti- 
mately derived from the attraction due to the mere 
position of the original particles supposed to be uni- 
formly diflused in space. And all changes in the 
comparatively minute organic or inorganic forms are 
referred, proximatcly at least, in physiology as well 
as in physics, to the affinities of the chemical ele- 
ments. 

In trath, modem science teaches that diversity and 
change in the phenomena of nature ore possible only on 
condition that energy of motion is capable of being 
stored as energy of position. The relatively perma- 
nent concretion of material forms, chemical ^i^on and 
reaction, crystallization, the evolution of vegetal and 
animal organisms — all depend upon the “locUng up” 
of kinetic action in the form of latent energy. To 
make this dear, and to show that the effort to dbolish 
the didiiiction between kinetic arid potential energy is 
'wililQlit avail, it will be useful briefly to review the 
history of tire doctrine of the conservation of energy. 

In a general sense, this doctrine is coeval with* the 
dawn of human irrtdHgenoe. It is notiring more than 
ah appffeathm pf the simple priadple that n<g|(hing dm 
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cozbO from or to nothing.* But the hietoiy of its de- 
velopment and adhibition in physical science begins with 
its emphatic statement in the ‘'Frincipia Fhilosophiae” 
of the inventor ot the system of cosmical vorticeB.f 

* It may be ^ruly asserted tliat human intelligence 4)eginB and ends 
with the principle above stated. When all the phenomenal changes in 
the universe shall have been reduced to the one principle of the conser- 
vation <ft«encrgy, the time will have come for*celcbrating the final con- 
summation df physical science in a new epic ** de rerum tuUurA; ” and in 
its first chapter will again be written the words of Lucretius: 

• . res . . . non poMe ereari 

De nUtilo, neque item gemitae in nil reoocariy 

It is not a little curious to note the unaminity and emphasis with which 
the early Greek philosophers gave utterance to the declaration that noth- 
ing could absolutely originate or perish — ^the rudimentary form of the 
law of causality. Diogenes of Apollonia declared : oSSei' ix rov /tn| 
trros (Diog. Laert, is, 61); Parmenides: oy^veror ihr 

Ktu ar^Ke^pov ifrrtv^^ (Earsten, Bel., v, 58); Empedocles: '*cjr rov 
7&P tti} iirros iLfi-fixtumv itrrl 7€Vfcrfiaf” (Earsten, v, 48); Dcmocritos; 
** fifltiv r* ix rov ph Hrros ylpeu^m leol ets r6 pii hv ** (Diog. 

Laert., ix, 44). Tho first application of this principle to motion was 
made by Epicurus (Diog. Laert., lib. x ; Lucret. “ De rer. nat.,*' w. 294 
-^07), who sought to demonstrate the conservation of both mass and 
motion by the argument that there is no place beyond the universe to 
which matter or motion could be communicated or from which it could 
be derived — an argument which was reproduced by Leibmtz (0pp. 
Math., vol. vi, p. 440— cf. Berthold, ‘‘Notizen” etc., in Pogg. Ann., 
vol. dvii, p. 3f 2), and which is in effect a shrewd anticipation of the 
modem concept of a “ conservative system.” An elaborate exposition 
of the Epicurean doctrine is given by Gassendi (** Ad librum decimum 
Diogenis Laertii Notae,” opp., ed. Lugd., vol. iii, p. 241 eeq.). It is not 
improbable that this exposition had its infiuence on the meditations of 
Descartes, notwithstanding the wide divergence between bis philosophi- 
cal tendendes and those of Gassendi. 

f Descartes has been called the father of modem philosophy ; with 
equal propriety he might also be designated as the father of modem phys- 
ioal itdenoe. His title to the honors of patenuty in philosophy, no less 
than in pby^, must find othcr*munimcnta than the disooveiy, or ,eyeii 
exact statement, of permanently valuable truths. Few of his pWlosophical 
tenets endure, at least In the form in which he held them, and some of 
tim imiihs dUsh he rejected Ire now counted among our most indispen- 
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Descartes announced the doctrme of the>conse!^8> 
tion of motion in terms perfectly explicit. lie declared 
that ,God was the q>ring-head of motion, and always 
conserved in the world the same qua'atity of motion.* 

ji&ble possessioiu'. As a pbysidat be broached a number of theories that 
have proved to he wholly unfounded, ahd he ignored or misconceived al- 
most all the laa 3 of mechariteal action whose discovery constituted the 
distinction of his older cohtemporary, GolileL In philosophy h|p.wa3 the 
immediate progenitor of Spinoza, whose system, though in effect an in- 
voluntary redueth ad cbmrdwfh of all ontological speculation, hhs served, 
by reason of the specious elegance of its pseudo-mathematical pando- 
gisms, to retard the discovery of true principles of philosophical inquiry 
to an inc^culable extent. In physios his vagaries obscured the field of 
investigation to such a degree that the shadows have not wholly vanished 
to this day. Though professing to emancipate himself from the meta- 
physical traditions of the period which was then near its close, he was 
thoroughly imbued with their spirit. But precisely for this reason his 
writings influenced the thought of the seventeentii century more exten- 
sively than the researdies of those who resorted to the scientific methods 
of experiment and observation-— methods that were wholly at variance 
with the mental habits of the age. He was essentially a metaphysician, 
an ontologist of the medimval type; but he discussed nearly all the prob- 
lems whose sdution was the Usk devolving upon the physicists and 
mathematicians of the two centuries that have elapsed since his day. 
Thus his speealations, though on the whole nugatory in themselves, be. 
came the ferment which induced the process of gradual clarification in 
the rapidly thiokening mixture of scientific material. This ferment was 
not the less important because H was almost wholly lost ifi the progress 
of its action. 

In saying. ell this I have po disposition to detract from the general 
admiration doe to the vigor and acuteness of his intellect; nor do 1 for* 
get tilai he is the founder of analytical geometry. And it is not ncoes- 
^ry, I trust, to add that, while I g^ve candid expression to my estimate 
of tiie vah» of Spinoza's philosopldoal system, I am not a striuager to fte 
:emibtloD whidi wili always be felt when the touching figure of the lonely 
^ l^er ipfo yimr, and that lam not insensible to the charm of the 
h,, life whi^, more perfScfly, periispB^.thaii any; otimr^ 
eicstiiplificg .^^Tusci^^ definition: tdverg nt gcffUatw, 

« causam) quod attinet« maniisstum milfi irid^tt 

iSam mm dBitS' gnam Beum^ ipsum qui rnateriam timul moiNl 

per Aum 
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If dib had not been predaded (by bis assnmption that 
the only primaiy properties of matter were extension 
and mobility) from admitting the atomic constitation 
of matter, he would, no doubt, have assertgd the con- 
servation of motion in the sense which is jgenerally at- 
tributed to tlLe principle Of the conservation of energy 
in our day by persons without pdentifio training : that 
the atoihs of wMch the material world is composed are 
perpetually in a state of oniform translatoiy of oscUlar 
taiy motion, changing only in direction, or, if they move 
with diSerent velocities, that the sum of these velocities 
is constant. In view of his general physical theory, 
Descartes was constrained to resort, not to the atom — 
the supposed primordial unit of mass, the existence of 
which he denied — but to mass generally ; and the con- 
servation of motion in his system assumed the form of 
a conservation of the quantity of motion in the sense of 
tlie Sura of the products of all masses into their respec- 
tive velocities.* It is worthy of note that the term 
“ quantity of motion ” as expressive of the product of a 
maffi into its velocity (L e., momentum) was adopted by 
Newton, and has maintained itself in physics to the 
present d^. . 

It is manifest that the conservation of motion, as an 

viom, tsntimdem motSB et qoiedB ia eft totft, quBatnm toae poBott, oon- 
Bemt” Priao. PbiL, g S6. The doctrine ie stated, sabstaiitially in 
the sente tettns, in reriouB other parts of the same work, e.g,, il, §42; 

'* Tte ragneness of Desoartes’s meritaideal notions is strikingly ex- 
UHtited in Us efCerts to reconcile this with Us third law of motion, se> 

. cording to wUdi'a body loses no, sootion in a coUisicnwttii a "stronger" 

OOe^" aiU gO(pQS.nqod.iBoretii{ alteri coeurrit, si minorem habeat rim ad 
pieq^endma semmiWi ltaoainreetam,tpiamhooUtermnad«iiesistendiiiq, 

''•i miotmn sonm retioendo sUam niotfts determiaatlonsm amHtit; ri nm> 
’tpMiilBaioin^ osrpos Mcmn moret ao qaantom el dat;^ 

I'liteniotaitij^taa^^ Trios. FfaiL,il^g-40. 
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absolute quantity in the populu* sense (in which it in 
fact, a conservation of velocities), would be possible 
only 4° a world witliout differences of density or struct- 
ure. If rpotion were conserved inothis sense, there 
could be neither phenomenal diversity, nor phenomenal 
change. To the universe as ^e know it, with its inces- 
sant transformation^, the assumed principle of the con- 
servation of motion can have no application. This was 
seen, dimly at least, byLeibnitz, who denied that there 
was any conservation of motion in the Cartesian, sense. 
His denial found its most pointed expression in an 
essay entitled Short demonstration of the memorable 
error of Descartes and others in regard to a law of nat- 
ure, according to which, as they claim, God always con- 
serves the same quantity of motion, which they also 
abuse in mechanics.”* To the Cartesian doctrine of 
the conservation of the quantity of mqtion he opposed 
the principle of the conservation of vis viva — of the 
product of mass into the square of its velocity. 

Here was the origin of the famous controversy be- 
tween the Leibnitians and Cartesians, respecting the true 
measure of the forces in the universe, which was par- 
ticipated in by BO many mathematicians and philoso- 
phers, and to which, as is well knoum, a late* and inap- 
posite contribution w^ made by Kant. This contro- 
vert has long since been finally settled ; but it is so 
important for my ulterior purpose to clear up the 
prevalent misconceptions of the true import of the. 
princi^e of the conservation (ff energy, that I devote 
it mbnaent’E conMderatiou to its merits. 

'* ermri* memunbUi* 

volint a temdm 

Acta 

l«S6 ^liA, .<|F]a,]PMtfhi,voL vt,p. 117 ). * , -1- " ; 
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^roroe*}!! its ordltiaiy sense (as tiie cause of motion, 
or rather, as the aggregate of all its conditions) finds its 
measure simply in the velocity of a nnit of mass. fThus 
force and maes*are measured by each other. Two 
forces are tjxe same when they generate Jthe same ve- 
locity (or, more generally, the same acceleration) in tho 
same yiass ; and two masses are the^uuo when they are 
, equally accelerated by the same for(*e. When the mo- 
tion of a unit of mass is distributed among several 
nnits,*the motion of each unit becomes less in proimr- 
tion to tho nutnber of xmils among which the distribu- 
tion is made. The velocity (or acceleration) of a body 
is therefore directly as the force, and inversely as the 
mass. And, in the case of constant forces producing 
uniform accelerations, tho velocities are obviously pro- 
portional to the times of action. 

We have, therefore. 


TTorof* 

Velocity = ^ Time of Action, or, 

Mdea X TVooitt/ = Farce X Time of Actio9i 


i. e., the force exerted during any given time is equal 
to the product of the mass into tho velocity. On the 
other hand^9 the space or distance through which a body 
moves under the action of a constant force is, like veloc- 
ity, directly as the force and inversely as the mass ; but, 
unlike velocity, it is proportional, not to tlie time simply, 
but to half the square of the time of action. Hence, 


Force 

Space or distanoeof Action = ■ - x i (Timeof Action)*, 

Juass 

or (inaanmeh according to the first equation, 

Time of Action =* ^ 
iMau ^V«iloeil!f*sis Ifbrca X 
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The first term of this last equation — ^tbe probaet 
of the mass into half llie square of the vdocity — is 
the Leibnitian vis vwa, and is now termed kinetic 
energy.* .. ' 

It is apparent that the first (Cartesian)^ formula in> 
dicates the measure of a given'force dv/rmg a given time 
(jf aetM/ny while ttje second (Leibnitian) formu]|i con- 
tarns the measure of the force acting HhaWfgh "a given 
distance. There is no iiiconsistency between the two ; 
on the contrary, the one is a corollary from the «ther. 
And yet the controversy is of interest in view of the 
Cartesian claim (which survives as an indelible fancy 
in many minds) that force, in the sense of the rate of 
the generation or transference of qnantity of motion, is 
conserved, and that the momenta during any two equal 
intervals of time are the same. In the light of modem 
science nothing is more demonstrably untrae than the 
doctrine of the conservation of motion as it was held 
by Descartes. Nevertheless, there is a sense in which 
the quantity of motion— or what is now usually called 
momentum — ^is constant in the mutual aotiorrs of bodies 


composii^ a material system. Momentum being the 
product of mass into the velocity, and velc^iy Itoing 
necessarily in a definite direction, it follows, as New- 
ton hiiirself has showp, from his tiiird law (aoo(«ding 
to which action and reaction are equal and oppodtOT- 
aB forc^ so called, being but one aqvect of the rntito- 
al ^ital and opposite action of two bodies — .tirait the 


indtueiMm of any system of bodies, i. e., the Utm ai' 
of molion, in whi^ver dhectlon these 
qqap^ji^ Measured, is never changed by |heir mtit> 


niw ttevekeit^.M Ibiil - 

forges to stated fetlM toaairf a.|ij^iferj tt oiai’ 
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nal^^ction. Whate^r momentum is acquired by any 
part of the system is lost by another part in the same 
direction. From this follows the important dynamical 
principle (announied in Kewton’s fourth coipUary 
his laws of motion) that the center of inertia of a sys- 
tem of bodlbs is never ejected by their mutual ac- 
tion. 

To*Biterpret the Cartesian proposition in its appli- 
‘ cation to the universe as a single conservative system, 
so as to make it conformable to fact, it would be neces- 
sary to take some one fixed direction and project upon 
it all the motions of its constituent bodies or particles 
— ^in other words, to take their effective components as 
represented by the cosines of the angles between their 
several directions and the standard direction to which 
they are referred. This being done, the sum of the 
momenta, i. e., of the products of all the masses into 
their velocities in the direction indicated, would be 
constaut; it being understood that, if motion in one 
direction is taken as positive, motion in the oppoute 
direction (and hence also the momentum whereof it is 
a factor) is negative.* 

Although ffie merit of having formulated the prin- 
ciple of the conservation of vis viva belongs to Leib- 
nitz, the first dear statement of the relation of this 
prin<^le to that of the conservf^on of momentum is 

:* hb«nnetinMS Mid that quantities of mottm partiali; or wholly 
"imitnttss or destroy eaoh other, as in tiie caas of the central ooUitioii of 
.tiK|f iaelsstio bodtea aaorbig with equal Tderitioa In dlametrioMh <VPO* 
Site (ttret^bus, where the hodie^ after impact, are at the resjaltant 

> in|iSneatnro heiiq( as 0,. Bht'the momenta ot the two bodiei hting equal 
WM i 9 potlte,^md tii^ soBit tiieritore, hdpF ^ of top equal qSaittitiee, 
'j^ijic;«f 7liloh.ia..pi^iti<r« ui4 ^ 'n^thrA tide |im» was alap = 0 

is i» mcc^^tfoB to the rule ^ 

, ho^ at«,uiadtiBe4>rti}oh!a«ti»»stl®E*»t^ ; 
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due to Huygens, and is in these werds : The qiisfis^ity 
of motion possessed by two bodies may be augmented 
or diminished by their encounter; but there remains 
always thocsame quantity on the same side, if we sub- 
tract the quantity of opposite motion. . . . The sum 
of the products of every hard body multiplied by the 
square of its velocity is always the same before and 
after the encounter.” * 

The progress made up to this point, in the rectifi- 
cation of the Cartesian doctrine, consisted in the denial 
of the conservation of motion in the sense of mere 
velocity or of the quantity of motion and the rate of 
its change irrespective of its direction, and in the asser- 
tion of the conservation of energy of motion — a quan- 
tity proportional to the product of mass into the square 
of its velocity. Such was the state of the doctrine in 
ITewton’s time. 

The Leibnitian principle might, even at this time, 
(aU the premisses being given in Newton^s laws of mo- 
tion, and especially in his interpretation of the third 
law) have been generalized so as to embrace, or to im- 

* “ Ia quantitS du mouTement qa*oat deux corps se peut Sugmenter 
ou diminuer par Icur rencontre ; mais il y reste tonjours la mSmc quan- 
tity vers le mSme c6t4, en soustrayant la quabUty du ifioovement con-, 
traire . . • • Ia sonune des produitB f^ts de la grandeur de diaque corps 
d«r iniiltipliy par le quarry^de sa Titesse, est tonjours la mSme devant et 
apfSs 4 rencontre.” Of. Akin, « On the ffistory of Ibrce,” PhflL Mag., 
m series, toI. xx^ p. 47S. Professor Bohn {ih,, p. 818) rialms the 
, ]|OQor if priority in giving a dear exporition of tiie prindide the 
ooasetvailpn of eu vtva for John Bernoulli ; but <iipon peiusal Of the 
' pSMMges ^ytedltyUmHwiU be seen that Bern^^ 
iqum assumption of the spbetantiality of morion and 

^ ^ John bemoulli had adopted 

the and upon the eonsiderarions prebdnted Ity Wh* 

fib metaphyddaa rather riiaiii a 

i idenoe, ai^ved at Us. proposlridns b • 
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pl}i^ not oUy the cdbservation of via viva, bnt also the 
principle of Tirtnal velocities, the conservation of mo- 
mentum (indnding angular momentum) and the mod- 
ern principle of l!he conservation of eneigyr The for- 
mula would, have been this: Keither the*momentum, 
nor the e&tirgy, of a system of bodies is ever changed 
by th§ir mutual actions. It is manifest that this is 
^ nothing more than an extension of the principle of in- 
ertia according to which a body, whether it be regarded 
as simple or as composed of parts, can not move itself, 
i. e., can not produce any change in its own state of 
rest or of uniform motion as a whole. 

Modem science has framed a number of concepts 
which serve to facilitate the apprehension of the laws 
regulating changes in the condition of material itggre- 
gates. Treating every sensible body as a system of 
units of mass, it de^es “ work ” as a change in the 
configuration of such a system in opposition to the 
forces resisting it, and ‘‘ energy ” as the capacity to do 
work. Whenever such a system is considered as being 
under the exclusive control of tlie mutual forces of its 
constituent units, i. e., when it is neither acted upon by 
other qnteips, nor acts upon them, it is called a ** con- 
servative system.” In fact there is no limited material 
system which is not involved ini> mutual actions with 
systems or. bodies without, and for' this reason a ■" con- 
servative system” is more appropriately defined as a 
gronp of bodies whidi, in passing through any (^cle of 
dianges of conjuration, does the same quantity of ex- 
ternal work which is dmie upon i^ so that the energy 
derived finim bodies witfanut is compensated for by an 
.amount of energy communicated to extenial 
irod^ If, now, we eipress the piindpte of the cqn- 
tieryati(^*<d via viva |n terms of these ooneep^ it as- 
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BTtmes ihe following form : In any aeries of disngm in 
the configuration of a conservative system, its actual 
energy (eneigy of motion, or viva — ^now termed ki- 

netic energy) is the same whenever tlte configuration is 
the same, i. e., whenever its constituent ui^ts are in the 
same relative positions, through whatever orbits and with 
whatever velocities, .they may have moved in the passage 
from one configuration to the other. The import of 
tins proposition will be best realized by considering the 
simple case of the oscillations of a pendulum which, 
ever since the days of Galileo, has served as a paradigm 
for the illustration of dynamical laws. The bob of the 
pendulum changes velocity at every point; but the 
velocities at points equidistant from its point of maxi- 
mum velocity are equal.* A still simpler case is that of 
a body projected perpendicularly upward and return- 
ing to the point from which it was projected ; in its 
ascent it is retarded, and in its descent accelerated (leav- 
ing out of account the resistance of the air), by the 
constant action of gravity ; but at the same points the 
velocities of ascent and descent are the same. A simi- 
lar (at bottom the same) instance is afiEorded by celestud 
bodies, moving in elliptical orbits, whiifii — ag^ idistract: 
ing from causes that interfere with the Btri(S^ periodicity 
of. their motions— have the same energies of motion at 
si^ne, or symmetrically correiqwnding) points of 
tfae^ Orbits. The instances here adduceid are all Oases 
of viMying (uniformly accelerated or retarded) mo- 
tion; wheit ^ motion is uniform, ^ law of cem- 
.eilryaillim .is simiidy the well-known principle of virtufd. 
vojod|^ ' 

' Qjb^ioii^y the next quei^on in order ia 

i,' ■ -■ true of aa UmI 
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law 'of energy without regard to the completion of the ‘ 
cycle of configaratiye changes — ^in the interval, during 
the passage of the system from any assumed initial con- 
figuration to a di|lerent one, and during ite return Itrom 
this to the initial configuration? The answer to this 
question, which has taken definite form in* very recent 
times, constitutes the true and exhaustive statement of 
the d^trine of the conservation of cflergy. It is t^ : In 
any series of changes in the configuration of a conserv- 
ative system, the sum of its kinetic and potential ener- 
gies (i. e., the actual energy of the system at a given in- 
stant added to the work done in passing from the initial 
configuration to the configuration at that instant) is con- 
stant — ^the work done being stored as power to re- 
produce the initial configuration and thus to restore the 
actual energy lost. Literally, this statement of the 
principle applies only to cases where work is done 
against the forces of the system, as, for instance, when 
a body is projected upward against gravity^ — when, 
therefore, kinetic energy is stored as potential energy. 
Whenever, conversely, kinetic energy is restored and 
potential energy lost, as in the case of a falling body, 
the statement must be so modified as to assert the con- 
^ancy of « the sum obtained by adding the kinetic 
energy due to a given configuration to the work to le 
Bone in reproducing the initial cAifiguration where the 
potential energy is at its maximum. In such cases the 
mathematical expression for the potential energy in 
j^mis of Wrl^ is negative. In its application to the 
of .tii^ universe (which is necessarily cousstf- 
'^ve^ thme no bodies witiiout it) the law of con-, 
^erviitiQn*iB ^is.; The li'netie energy of the universe 
the Work to be, done by the mutual forces of its 
^mnmrts hy removing them , to the Uritit of 
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exhaoBtion of the action of tliese forces, L e.,eto infinite 
.distances from each other, is at all times constant* 

The conformitj of the principle of the conservation 
of ^ergy to the facts of experience,,iB sufficiently ap- 
parent whenever we deal with visible or otherwise per- 
ceptible changes in the poskion or eonfi^ration of a 
body or system of bodies, such as the action of gravity, 
the strain of an elastic body, etc. In these cakes wc 
readily see that energy is alternately stored as- energy 
of position and restored as eneigy of motion.^ But 
there is a class of cases in which there is loss of eneigy 
of motion without manifest change of position. When 
two equal inelastic bodies, moving with equal veloci- 
ties in opposite directions, collide centrally, there is, 
apparently at least, a total destruction of motion, and 
there is no gain of position, for the bodies remain at 
I'est at the point of collision. A similar loss of actual 
energy is observed whenever work is done against fric- 
tion. What becomes of the energy of motion which 
seems to disappear in cases of this kind! To this 
question Hewton clearly had no definite answbr. He 
expressly asserted that “ motion may be got or lost,” 
and that, ‘‘the vis inerticB being a passive principle, 
. . . some other principle was necessary f&r putting 
bodies into motion, and, now they are in motion, some 
other principle is necessary for conserving the motion. 
... By reason of the tenacity of flui^, and attrition 

' * nb lo be obaenred that I am here atating the doetrine of the eon- 
ae mU qtt «f mMRgjrln ita appUoation to the mlTene aa it is generallr 
fl^aMMig phjMdata. The dbcnaalon of the qtaeatton reapeetiag the 
admbaihH^.ef applTing logiod concepts and maniemadoid fotmoto 
baipdepeelhe jOC^thms of finite exiatence to the Infinite, of dealing 
wift idii^.]kan$diia.i)b^ as iHth a d^nite tnechaidosl system, and trith 
its eo#i^ irilb a eonstant qnastity, must be resertdd for a lali^ itaga; 
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of tbeir partB, and the weakness of dasticity in solids, 
motion is much more apt to be lost than got, and is 
always upon the decay.” * But it is an error to n^aXn- 
tain, with Steward and Tait,t that the answer was un- 
known in Kewton’s time. The answer of ^odem sci- 
ence, which fs that the ajiparent loss of molar motion 
results from its real oonversion into molecular motion, 
was antlbipated by Leibnitz, as is shown in the fbllow- 
*ing remarkable passage found in his fifth letter to 
Obrk^ : “ I had maintained that the active forces are 
conserved in the world. It is objected that two soft 
or inelastic bodies, when they collide, lose part of their 
force. I answer, they do not. It is true that the 
‘ wholes ’ lose it in reference to their total movement ; 
but it is received by the particles, they being agitated 
inwardly by the force of the collision. Thus the loss 
ensues only in appearance. The forces are not de- 
stroyed, but dissipated among the minute parts. This 
is not losing them, but it is doing what those do who 
turn money into small change.” t The truth thus an- 

* "OptidkB," 4th ed., p. S78. 

t The Unseen Universe, § 100. 

I ** J’avain Boutenn que lea aeUm ae conaeirent dana le monde. 

On m’objecte, que deux ooipa moux, on non-61aatiques, ooncourant entre 
eux, pefdent de leur jfbrce, Je r^nda que non. 11 eat vrai que lea 
Touta la perdent par rapport 2k leur xnoureiqisnt total ; inaia lea parties 
la reqoirent, dtant agit^ea Int^iienrement par la force du concours. 
Ainsi oe d^faut n'orriye qu*en apparenoe. Lea forces ne aont d^truites, 
mala diaalpdea panui lea parties menuea. Ge n*est pas lea perdre, mala 
eW faire oomine font ceux qui cbangent la groaae monaaie en petite.** 
Opp/phil, ed. Brdmanki, p. 116, It ia strange that this passage should 
^ haTe remained umiPtioed for manjr years even after the i^option of the 
' mc^am theory of the conservation and transformation of energy and of 
the omelatidli of forces. I fodhd it many years ago ; Du Boia-Bey- 
ihqnd ^ recently cf^led attention to it in a lecture, ** Leibniziaohe Oe- 
ts der neueren KatunHaaenachaft.’’ There la another, passage of 
tiM aem In Hathematlcia Works <ed. Gerfaerdt), yoL 
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noanced was a “bedridden truth ”<(to use an Expression 
of Ooleridge) for a long time ; in spite of the rigorous, 

' and>eren violent, disputes about forces and their meas- 
ure, and in the midst of the rapid accumulation of 
physical facts and theories, it remained bamn for more 
t.bftTi a century. This seemingly anomalous fact is ex- 
plained by the circumstance that, up to the middle of 
the present century, heat, electricity, magnet&m, etc., ^ 
were supposed to be material substances whose itttercon- 
vertibility with mechanical motion or energy appeared 
to be utterly inconceirable. It was only after the es- 
tablishment of the dynamic theories of the “ imponder- 
ables ” that the doctrine of the conservation and trans- 
formation of energy became fertile, and led to a fun- 
damental reconstitution of the entire body of physics.* 
The correlation and mutual conversion of the various 
forms of energy have been so extensively illustrated in 
the sdentifio writings of tire day, that it is unnecessary 
to dwell upon them here. The purpose of my hurried 
glance at the history of the doctrine of the conserva- 
tion of energy, or rather, of the evolution of the sci- 
entific concepts embraced in it, was simply to show 
that riiis history is in efiEect that of a progr^ve aban- 
donment of the mechanical proposition pkced at the 
head of the {oesent r^apter, which is substantially Men- 
ricel with Descartes’s theory of the conservation of irio- 

ip...SS^< Bwtiirdd lias shown (Pogg. A]i>i.,voL drS, p. 

' V fona " was annouio^ more thu « oantuiy ago, 

snr 

v'.. «oiitiSi«f the of the modeia etjMjr ' 

BmidSai^ Sr 'Hmn^ OsTy, 4e.; ' 

'.f .dwrj 'tint ;hsst-is hSt « “ moes of 
^ iDatiteii9<»^,|AQrAditi''SB ^ ' 
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tiop — a ckoomstanc^ whose significance I hope to point 
out hereafter. 

We have now discussed the four cardinal projec- 
tions of the atomo-mechanical theory, and jxave found 
(without entering upon the domain of the organic sci- 
ences) that tliey are seveftdly denied by the sciences of 
chemistry, physics, and astronomy. Before we proceed 
to investigate the causes and consequences of this result 
and to consider the relation of the mechanical theory 
to thq laws of thought and the history of its evolution, 
it is important to supplement this discussion by an in- 
quiry into the nature, validity, and scientific value of 
the hypothesis of the atomic constitution of matter. 



OHAPTEE VII. 

«• 

THB THEOBT OB TUB ATCOflO CONSTmmON 07 MATTBB. 

Tub doctrine that an exhaustive analysis of matter 
into its real elements, if it could be practically effected, 
would yield an aggr^te of indivisiblo and indestructi- 
ble particles, is one of the earliest products of human 
speculation, and has held its ground more persistently 
than any other tenet of science or philosophy. It is 
true that the atomic thooiy, since its first promulgation 
by the old Greek philosophers, and its elaborate state- 
ment by Lucretius, has been medified and refined. 
There is probably no one, at this day, who invests the 
atoms with hooks and loops, or accounts for the bitter 
taste of wormwood by ^e raggedness, and for the 
sweetness of honey and milk by the smooth roundness 
of the constituent atoms.* But the atoms ^of modem 
science are still of determinate weight, if not of defi- 
nite, uniform and cojistant figure, and stand for some- 
thing more than abstract units even in the view of those 
who, like Boscovich, Faraday, Amp&re, or Feohner, pro- 
fess to regard them as mere centers of force. And 
there is no difficulty in stating the atomic doctrine in 
terms applicable alike to all the acceptations in whidi 
it is now held by scientific men. Whatever diversity 
of opinion may prevail as to the form, size, etc., of the 
atoms, sO who advance the atomic hjpotbesis, in any of 

* Do Bomn K*fc, II, SS8 My; 
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its yarietieB, as a ph^iaical theoiy, agree in tliree piopo- 
sitioBB, which may be stated as follows : 

1. Atoms are absolute simple, uncJumgecMe, ipdo- 
etmuMle; they age physical, if not matbifnatioMy, 
mdmwMe. 

S. Matter consists of discrete parts, the constibuemt 
atoms being separated by void mterstiticd spaces. In 
contrasts the contmuity of space domds the disoonti- 
*nV'Uy <f matter. The expansion of a body is simpty an 
vncrea^, its eontraetwn a lessening, of the spatAoi inter- 
vals between the atoms. 

3. The atoms composing the different ehemicod ele- 
ments are of determinate speoifio weights, corresponding 
to their epuimlents <f combination.* 

Confessedly the atomic theory is but an hypothesis. 
This in itself is not decisive against its value ; all phys- 
ical theories properly so called are hypotheses whose 
eventual recognition as truths depends upon their con- 
sistency with themselves, upon their agreement with 
the canons of logic, upon ^eir congruence with the 
facts which they serve to connect and explain, upon 
their conformity with the ascertained order of fTature, 
upon the extent to which they approve themselves as 
trustworthy^nticipations or previsions of facts verified 
by subsequent observation or experiment, and finally 
upon their rimplicity, or rather weir reducing power. 
The merits of the atomic theory, too, are to be deter- 
mined by seeing whether or not it satisfactorily and 
simply accounts for the phenomena as the explanation 
of wMch it is>proponnded, and whether or not it is in 

‘ # To avoid oonfusioii, I purposely ignore, for the moment, the disttno- 
between 4tokcult$ ae the uhimte pcoduote of the phydcal dlTielon 
Of and atom as the ultimate prc^hcte ot ha chemical decompoal^ 

to use the word atom hi the senee of the least parfieton 
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with itself and with the kiv>wn laws lof Be^n 
and of Katnre. 

' ^or what facts, then, is the atomic hypothesis meant 
to acconnt, and to what degree is the account it offers 
satisfactory} 

It is churned that the first of the thre4 propositions 
above enummuted (the proposition which asserts the 
persistent integrity of atoms, or their unchangeability 
both in weight and volnme) accounts for the indestruo-' 
tibility and impenetrability of matter ; that the second 
of these propoations (relating to the discontinuity of 
matter) is an indispensable postulate for the explana- 
tion of certain physical phenomena, such as the disper- 
sion and polarization of light ; and that the third propo- 
sition (according to which the atoms composing the 
chemical elements are of determinate specific gravities) 
is the necessary general expression of the laws of defi- 
nite constitution, equivalent proportion, and multiple 
combination, in chemistry. 

In discussing these claims, it is important, first, to 
verify the facts and to reduce the statements of these 


facts to exact expression, and then to see how far they 
are j^ised by the theory. 

1. The indestructibility of matter is arf unquestion- 
able tmtlt. But in what sense, and upon.what grounds, 
is thisindestiuctibility predicated of matter? The unan- 
iniipus arr^er of the atomists is : ‘Experience teaches 
that all the ohanges to which matter is subject .are but 
vaitiapoiis of f<mn, and. that, amid these variations, th^ 


is iua tihymyhtg bonetoit— the mass or quemti^ of rm^ 
.teP.r: Tl^ eos^rstanc^ the inass is attested by . thi^ b^ 

nor dorruption, can add to (» 

' of .u ' body ' subjected - .to ; 
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W])ein a pound of carbon is burned, tbe balance demon- 
strates the continning existence of this pound in the 
carbonic acid, which is the product of combustion, and 
ib^m which the original weight of carbon ijpay be re- 
covered. The quantity of matter is measured by its 
weight, and this weight is- unchangeable. 

Such is the fact, familiar to eveiy one, and its in- 
terprettftion equally familiar. To t^t the correctness 
' of this interpretation, we may be permitted slightly to 
vary t}ie method of verifying it. Instead of burning 
the pound of carbon, let ns simply carry it to the sum- 
mit of a mountain, or remove it to a lower latitude ; is 
its weight still the same 2 Belatively it is ; it will still 
balance the original counterpoise. But the absolute 
weight ” is no longer the same. This appears at once, if 
we give to the balance another form, taking a pendu- 
lum instead of a pair of scales. The pendulum on the 
mountain or near the equator swings more slowly than 
at the foot of the mountain or near the pole^ for the 
reason that it has become specifically lighter by being 
farther removed from the center of the earth’s attrac- 
tion, in conformity to the law that the attractions of 
bodies vary inversely as the squares of thdr distances. 

It is tUtis evident that the constancy, upon the ob- 
servation of which the assertion of the indestruetibilily 
of matter is based, is amply the dbustancy of a relation, 
audihat the ordinary statement of the fact is crude and 
inad^nate.- Indeed, while it is true that the weight of 
a- body k a measure of its mass, tins is hut a single case . 
of the more general &ct that the noasses of bodies are 
ittyepsely as the vdocities mparted to them by &e 
.. a^ou of the same force,, or, more generally still, in- 
# the aoeele^tions produced in Aem by t^ 

, Xn the. case of |pr8yh:y,the iorcea i^ att^pio- 
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are direcdy proportional to th^ masses, so that,tlie 
action of these forces (weight) is the simplest measure 
of the relation between any two masses as such ; but, in 
any inquiry relating to the validity of the atomic the- 
ory, it is necessary to bear in mind that this weight is 
not the equivalent, or ratheT presentation, of an abso- 
lute substantive entity in one of the bodies (the body 
weighed), but the mere pipression of a relation between 
two bodies mutually at^cting each other. And it is ' 
further necessaiy to remember that this weight ipay be 
indefinitely reduced, without any diminution in the 
mass of the body weighed, by a mere change of its 
position in reference to the body between which and 
the body weighed the relation subsists. 

Masses find their true and only measure in the ac- 
tion of forces, and the persistence of the effect of this 
action is the simple and accurate expression of the fact 
which is ordinarily described as the indestructibility of 
matter. It is obvious that this persistence is in no sense 
explained or accounted for by the atomic hypothesis. 
It may be that such persistence is an attribute of the 


nfinute, insensible particles which are supposed to con- 
stitute matter, as well as of sensible masses ; but, surely, 
the hypothetical recurrence of a fact in the^tom is no 
exifiaiiation of the actual occurrence of the same fact in, 
the eot^lomerate mau. Whatever mystery is involved 
iq the phenomenon is as great in the ease of the atom 
in that of a solar or planetary sphere. Breaking i 


iaba fragments, imd showing that each fragment 
is en^wed with the magnetic polarity of the iht^er 
tnagtts^ no expUnidaon of |be phenomencm of mag- 
IlistsBQi.’ ' A is not exjfiained ‘hy , bring 

. not transformed into a 

triesoolri..-' 
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hTBothesM of nltiiqate indeetractible atoms is not a 
necessary implication of the persistence of weight, and 
can at best account for the indestructibility of n^tfer 
if it can be shown that there is an absolute limit to the 
compressibility of matter — ^in other words, jihat there is 
an absolutely least volume for every determinate mass. 
This brings us to the consideration of that general prop- 
erty of ^natter which probably, in the minds of -most 
*men, most urgently requires the assumption of atoms — 
its impenetrability. 

“ Two bodies can not occupy the same space ” — this 
is the ordinary statement of the fact in question. Like 
the indestructibility of matter, it is claimed to be a 
datum of experience. "That all bodies are impene- 
trable,” says Sir Isaac I^ewton, " we gather, not from 
reason, but from sense.”* Let us see in what sense 
and to what extent this claim is Intimate. 

The proposition, according to which a space occu- 
pied by one body can not be occupied by another, im- 
plies ^e assumption that space is an absolute, sdf- 
measuiing, objective entity, and the further assumption 
that there is a least space which a given body will abso- 
lutely fill BO as to exdude any other body. A verifica- 
tion of tbi^ propositicm by experience, therefore, must 
amount to proof that there is an absolute limit to the 
compressibili^ of dl rrratter whatsoever. Now, does 
experience authorize us to assign such a limit} As-' 
Buxedly not It is true tiiat in the case of solids and 
liquids there are practioal limits beyond which compres- 
siou by the medianical means at otv command is im- 
pesf^le ; but ev^ here wp me met by the fact that the 
, ve^Does of fluidt^ which effectndly resist all efforts at 

ineMMCroftifia mm, mm ratfow, itJ 
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od 

farther redaction by external pressure, are J^dily re* 
dneed by mere mixtore. Thos, enlphoric acid and 
water at ordinaiy tempcratorcB do nut aeneibly yield to 
pressure ; ,bat, when tliey are mixed^ tiie resulting vol- 
ume is materially less than the aggregate volumes of 
the liquids mixed. But, waiving this, as well as the 
phenomena wJiidi emerge in the processes of solution 
and chemical action, it must bo said that experience 
does not in any manner vouch for the impenetrability 
of matter in all its stages of aggregation. When gases 
are subjected to pressure, the result is simply an increase 
of the expansive force in proportion to the pressure ex- 
erted, according to the law of Boyle or Mariotte (the 
modifications of and apparent exceptions to which, as 
exhibited in the experimental results obtained by Be- 
gnault and others, need not here be stated, because 
they do not affect the aignment). A definite experi- 
menttd limit is reached in the case of those gases only 
in which the pressure produces liquefaction or solidifi- 
cation. The most significant phenomenon, however, 
which experience contributes to the testimony on this 
subject, is the diffusion of gases. Whenever two or 
more gases which do not act upon oadh other diemical- 
ly are introduced into a given space, eadh- gas diffuses 
itself in this space as though it were alone present 
there; or, as Dalton^ the reputed father of the modem 
atomic tiieoiy, expresses it, “ Gases are mutually pas- 
and pass into each other as into vacua.” 

' Whatever reality may correspond to the notion of 
the impenetrability of matter, this impenetralnliiy is 
not, in the sense of the atomists, a datum of experience. 

Upon the whole, it would seem that the validity of 
the fhst propositioa of the atomic theory is not sus- 
'^'tained by the facts. Even if the assum^ jmehange- 
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ability of the euppoa^d altimate constituent particles of 
matter presented itself, upon its own showing, as more 
than a bare reproduction of an observed fact it^ fhe 
form of an hypothesis, and could be dignified with the 
name of a generalization or of a theory, ij; would still 
be obnoxious to the criticism that it is a generalization 
from ^acts crudely observed and .imperfectly appre- 
hended.* 

In this connection it may be noted that the atomic 
theory, has become next to valueless as an explanation 
of the impenetrability of matter, since it has been 
pressed into the service of the undulatory theories of 
radiance, and assumed the form in which it is now held 
by the majority of physicists, as we shall presently see. 
According to this form of the theoiy, the atoms are 
either mere points, wholly without extension, or their 
dimensions are infinitely small as compared with the 
distances between them, whatever be the state of aggre- 
gation of the substances into which they enter. In 
this view the resistance which a body, i. e., a system of 
atoms, offers to the intrusion of another body is due, 
not to the rigidity or unchangeability of volume of the 
individual atoms, but to the relation between the at- 
tractive and* repulsive forces with which they .are sup- 
posed to be endowed. There are physicists holding 
this view who are of opinion that the atomic constitu- 
tion of matter is consistent with its penetrability — 
among them M. Cauchy^ who, after defining atoms as 
^^ mat^al points without extension^” uses this lan- 
<<Thii8, this property of matter which we call 
impenetrability is expiated, when we consider the 
Atoms as material, points exerting on each o&er attrae- 
)epubid^^ which vajry with the distances that 
. ; . iVom to follows that, if; it 
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pleased the author of Kature simpler to modify the Ijiws 
aeeordiug to which the atoms attract or repel each 
otEe^, we might instantly see the hardest bodies pene- 
trating ea(^ other, the smallest particles of matter oc- 
cupying immense spaces, or the largest masses reduc- 
ing themselves to the smallest volumes, the entire uni- 
verse concentrating itself, as it were, in a single point.” * 

2. The second Amdamental proposition of the mod- 
em atomic theory avouches the essential discontinuity ‘ 
of matter. . The advocates of the theoiy affirip that 
there is a series of physical phenomena which are inex- 
plicable, unless we assume that the constituent particles 
of matter are separated by void interspaces. The most 
notable among these phenomena are the dispersion and 
polarization of light. The grounds upon which the 
assumption of a discrete molecular structure of matter 
is deemed indispensable for the explanation of these 
phenomena may be stated in a few words. 

According to the nndulatory theoiy, the dispersion 
of light, or its separation into spectral colors, by means 
of refraction, is a consequence of the unequal retarda- 
tion ejcperienced by the difEerent waves, which produce 
the different col^ in their transmission through the 
refracting medium. This unequal r^arda^on presup- 

* Ailxflir oette propri4t4 dd la que nouB nommonB imp4n4- 

trabllilA se trouve «xpliqii6e, quand on conBid^re lea atomes oomme des 
smldrida qti axercent lea niiB sur les antres des attractloiiB ou 
rdpultfoua wiableaaTec Ips distances quiles s^parent. . . . H rdsulte 
;enjOm do ce-^ui pr^de, quo S*iLplalsait Pai^r de la nature de modl- 
Aerseulotuetit les l^^ivant leaqn^es lea atomes s^attlfent quae r^ 
pouamt, nous pbiUitidna vofry & Pinstant m6me, les corps les dum se 
. pdudtver lei^ uns lea auftres^ les {due pe^tes paroolles de mala&re ooonper 
• des espsoes'di^miai^ du lea masses des plus oonsfd^ralMB se rdd^ 
aux plus et }^utdTe» enlier se conccntrer poor a!^ 

en W scsd pcitoi^ de ThjMqpc Gdodials, od. 

■' 
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pof}B3 differences in |lie velocities with which the various 
colored rays are transmitted through any medium what- 
ever, and a dependence of these velocities npop Ihe 
lengths of the waves. But, according to a* well-estab- 
lished mechanical theorem, the velocities with which 
undulations are propagated through a continuous me- 
dium depend solely upon the elastij^ity of the medium 
as compared with its inertia, and are wholly indCpend- 
' ent of the length and form of the waves. The correct- 
ness of this theorem is attested by experience in the 
case of sound. Sounds of every pitch travd with the 
same velocity. If it were otherwise, music heard at a 
distance would evidently become chaotic; differences 
of velocity in the propagation of sound would entail a 
distortion of the rhythm, and, in many cases, a reversal 
of the order of succession. Now, differences of color 
are analogous to differences of pitch in sound, both 
reducing themselves to differences of wave-length. 
The lengths of the waves increase as we desc<md the 
scale of sounds from those of a higher to those of a 
lower pitch; and similarly, the length of a Inminar 
undulation increases as we descend the spectr^ scale, 
from violet to red. It follows, then, that the rays of 
different color, like the sounds oiC different pitch, should 
be propagated with eqiud veloeiti^ and be equally re- 
fracted ; that, therefore, no dispersion of light should 
take place. 

Tins theoretical impodSbiUfy of dispersion has al- 
ways Jt)een recognised as one of ^ most formidable 
diffionltieB of the undulatory fljdoiy. In order to ob- 
viate it, Cauchy, at the sqggestian of his friend Coriolis, 
entered a series of analyt^ ii^stigations, in 
, yiiudi he snoceeded in sijiowing that the velocities with 
sevend coldfed Keys are propagated may yasj 
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according to the wave-lengths, if it he assnmed that (ho 
sethereal medium of propagation, instead of being con- 
tinuous, consists of particles separated by sensible dis- 
tances. , a 

By meani^ of a similar assumption, Fresnel has sought 
to remove the difficulties predated by the phenomena 
of polarization. In, ordinary light, the different undu- 
lations are supposed to take place in different dilutions, 
all transverse to the course or line of propagation, while 
in polarized light tlie vibrations, though still transverse 
to the ray, are parallelized, so as to occur in the same 
plane. Soon after this hypothesis had been expanded 
into an elaborate theory of polarization, Poisson ob- 
served that, at any considerable distance from the source 
of the light, all transverse vibrations in a continuous 
elastic medium must become longitudinal. As in the 
case of dispersion, this objection was met by the hy- 
pothesis of the existence of “finite intervals” between 
the fflthereal particles. 

These are the considerations, succinctly stated, which 
theoretical physics are supposed to bring to the support 
of the atomic theory. In reference to the cogency of 
the argument founded upon them, it is to be said, gen- 
erally, that evidence of the discrete molecu&r arrange- 
njent of matter is by no means proof of the alternation 
of nmffiangeable and indivisible atoms with absolute 
spatial voids. But it is to be feared that the argument 
in qu^on is not only fortnally, but also materially, 
faIlaCi<^. It is very questionable whether the.assnmp- 
of “ finite intervals ” between the particles of ^ 

. Ilmrni&roas astber is competqpt to relieve the undu^ 
' timmy of^ht. its embairatsmehte. 
subjeavin <me <^ its aspeo^has been thoron^ly:!^ 
<<^na^ !^nt,^ on the disiNsmith ^ 
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light,* aad the soggestions there made appear to me 
wmthj of serious attention. They are briefly these : 

M. Cauchy brings the phenomena of dispersion -within 
the dominion of the nndulatoiy theoiy, by deducing the 
differences in the velocities of the several diromatic rays 
from the differences in ffie corresponding wave-lengths 
by means of the hypothesis of definite intervals between 
the paiUdes of the light-boaring medium. He takes it 
for granted, therefore, that these diromatic rays are prop- 
agated different velocities. But is this the fact ? 
Astronomy affords the means to answer this question. 

"We experience the sensation of white light when 
all the chromatic rays of which it is composed strike the 
eye simultaneously. The light proceeding from alu- 
minous body will appear colorless, even if the compo- 
nent rays move with unequal velocities, provided all 
the colored rays, which together make up white light, 
concur in their action on the retina at a given moment ; 
in ordinary cases it is immaterial whether these rays 
have left the luminous body successively or together. 
But it is otherwise when a luminous body becomes visi- 
ble suddenly, as in the case of the satellites of Jupiter, 
or Saturn, after their eclipses. At certain periods, more 
than forty%ine minutes are requisite for the transmis- 
sion of light from Jupiter to the earth. Now, at the 
moment when one of Jupiter’s satellites, which has 
been, eclipsed by that- planet, emerges, from the shadow, 
the red rays, if their vdocily were the greatest, would 
evidently readi the eye first, the orange next, and so on 
trough, the ehtomatic scale, until finally the com|fie- 
ment of colors would bellied 1^ the arrival of the vio- 
let J^y» wliose vdocity is supposed to be the least. The 
satellite immediately after its emersion, would appear 

I ** HBtfnian’a Jounul, 84 toL tII, p.'364 «nr. 
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red, and gradnallj, in proportion tp the arrival of |he 
other rays, pass into white. Conversely, at the begin- 
niiig of the eclipse, the violet rays would continue to 
arrive aftec the red and other intervering rays, and the 
satellite, up to the moment of its total disappearance, 
would gradually shade into violet. 

Unfortunately for Cauchy’s hypothesis, the most 
caref nl observation of the eclipses in question has failed 
to reveal any such variations of color, cither before im- 
mersion or after emersion, the transition between light 
and darkness taking place instantaneously and without 
cliromatie gradations. 

Astronomy points to several other phenomena which 
are equally at war with the doctrine of unequal veloci- 
ties in the movements of the chromatic undulations. 
Fixed stars beyond the parallactic limit, whose light 
must travel more than three years before it reaches us, 
are subject to great periodical variations of splendor ; 
and yet these variations are unaccompanied by varia- 
tions of color. Again, the assumption of different 
velocities for the different chromatic rays is discoun- 
tenanced by the theory of aberratioh. Aberration is 
due to the fact that, in aU cases where the orbit of the 
planet, on which the observer is stationed, forms an 
angle with the direction of the Inminar ray, a composi- 
tion takes place between the motion of the light and the 
motion of the planet, so that the direction in which the 
Hght meets the eye is a resultant of the two component 
directions— the directiou of the ray and that of the ob- 
sdrv^ris motion. If the several rays of color moved 
with diffemit velocities there would evidently be sev- 
resT^tants, and each star would appear ak a colored 
'ipectmip loDgiindioaUy parallel to the direction of the 
earth’s inotioiin 
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The aIlegati(Hi of a dependence of fhe velocity of 
the undulatory movementB, which correspond to, or 
produce, the different colors, upon the length o| the 
waves, is thus aff variance with observed jfact. The 
hypothesis o| “ finite intervals ” is nnavail%b1e as a sup- 
plement to the undnlatoiy theory ; other methods will 
have tQ be resorted to in order to fjjee this theory from 
,its diflSculties.* 

The negative evidence here adduced against the 
snppodtion of an atomic or molecular constitution of 
the light-bearing medium is reSnforced by positive evi- 
dence derived from a branch of the atomic theory itself 
— ^the modem science of thermo-dynamics. Maxwell 
has remarked, with obvious truth, that such a medium 
(whose atoms or molecules are supposed to penetrate 
the intermolecnlar spaces of ordinary substances) would 
be nothing more nor less than a gas, though a gas of 


* Sinco the publication of Cauchy’s ** M4moire Bur la dispersion de la 
lumi^re ” (Prag, 1836), the dependence of the dispersive powers of dif- 
ferent substances upon their states of aggr^tion and chemical cdtnposl- 
tion has been the subject of extensive experimental research ; and the 
most prominent physicists (Briot, Holtsmann, Bedtenbacher, G. Neumann, 
Ketteler) now look for an explanation of the phenomena of dispersion to 
the action of plnderable matter, or to the interaction between it and the 
tether. Cf . Briot, ** Essai but la th6orie math^matique de la lumidre ” 
(Paris, Mallet^Bachelier, 1864), p. 89 ; Bedtenbacher, ^ Dynamiden- 

^tem,” p. ISO seq. ; Kettelcr, ** Ueber den Einfluss der pondcrablen 
Holrimele auf die Dispersion dcs Lichts,” etc. (Pogg. Ann., voL cxI, 
pp. 2 ieq, and W 9eq. An electro-magnetic theorj of light, suggested 
by the proximate equality of the velocities with which light and electro- 
mimetic disturbances . appear to be propagated through afr and other 
media, and by the action of a magnet (observed by Faraday) in turning 
the plane of polarization round jthe direction of the luminarrayas an 
axis, was brcAohed by Clerk Maxwell in 1866, and has recently been set 
forth at some length in his “ Trearise on Electricity and Magnetism,” roK 
ii; pp. 888 ieq. This riieoiy isjaow being devetoped by Hehnholtii Lorentz, 
Fltmiald,^. Ji lliomBpn^ and Lord Bayleigh. 
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great tcnuitj, and that every so-called vacntini wpiild 
id fact be fidl of tliis rare gas at the observed temper* 
aturp and at the enormons pressure which the tether, 
id view of the fanctions assigned to it>by the nudulatory 
theories, mp^t be assumed to exert. Such a gas, there- 
fore, most have a correspoiMingly enormous specific 
heat equal to that, of any other gas at the same tem- 
perature and pressure, so that the specific heat bf every 
vacuum would be incomparably greater than 'that of^ 
the same space filled with- any other known gas. , This 
remarkable consequence is not only without experi- 
mental warrant, but — inasmuch as it would apply to all 
vacua, including the iutermolecnlar spaces of ordinary 
bodies of whatever state of aggregation — ^is in effect a 
fatal aggravation of a peculiar difficulty of the molecular 
theoiy which is in itself formidable to the highest de- 
gree. In the third chapter* I have adverted to the fact 
that, when a body is heated, a part only of the . energy 
communicated to it appears in the form of temperature, 
i. e. (in the sense of modem theories), of progressive 
motions of the molecules, the .other part being expended 
in the production of vibratory or rotatory motions of 
their constituent elements. According to the kinetic 
theory of gases, this latter part, the internal energy^ so 
.called, increases with Jthe number of variables or degrees 
of freedom in each molecule, and with it, therefore, the 
epecific heat> i. e., the ratio of the whole enm-gy to diat 
of ^mdation which prodnoes expansion or pressure, 
and' is. thus exhibit^ as temperature. If the moi.- 
dc^Eile^.'w^ ^material points without internal mo- 
bility, or p^dctly elastic and»perfectly smooth sphenas, 
the to^ wonld be available for the f)rodncti(m 

potiOB, and no part of it woffid % opu- 

■ *fiijpra,pk|SS'' 
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veiled into interna^ energy. But if the molecules, 
though perfectly elastic, are not perfect spheres — as 
they can not be, whenever they consist of several atdms 
each — ^the specific heat mnst at least be equal to a cer- 
tain minimum assigned by the theory, l^ow, th^ spe- 
cific heats 0 / oxygen, niti^gen, and hydrogen (all which 
are diatomic, their molecules consifting of at least two 
atoms (Sich), as experimentally ascertained from & com- 
parison' of their specific heats at constant pressure and 
at constant volume, fall short of this minimum. And 
this theoretical minimum would be very materially in- 
creased by the addition of the specific heat due to the 
intermolecnlar ffithci', if this were also of atomic or 
molecular constitution ; the discrepancy between the 
theoretical postulates and tlic experimental data would 
be immeasurably widened. 

3. The third proposition of the atomic hypothesis 
assigns to tlie atoms, which are said to compose the 
different chemical elements, determinate weights coN 
responding to their equivalents of combination, and is 
supposed to be necessary to account for the facts whose 
enumeration and discussion constitute the science of 
chemistry. The proper verification of these facts is of 
great difficulty, because they have generally been ob- 
served through the lenses of the atomic theory, and 
stated in its doctrinal terms. Tims the differentiation 
and inte^*ation of bodies are invariably described as de- 
composition and composition the equivalents of com- 
binafiou are designate as atomic weights or volumes, 
and the greater part of dhemioal nomendature is a sys* 
tiematic reproduction of^the assumptions of atomism, 
^^early aifi the facts to be verified are in need of pre- 
paratoiy enucleation from the envelopes of this theory. 
V. j Tlti^ phenomena ilBually dQseribed as chemical ec^ 
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position and decomposition present^jdiemselv'es to obser- 
vation thus : A number of heterogeneous bodies concur 
in definite proportions of weight or volume ; they inter- 
act ; they disappear, and give rise tck a new body pos- 
sessing properties which are neither the sum nor the 
mean of the properties of the bodies concurring and 
interacting (excepting the weight which is the ^aggre- 
gate of the weights of the interacting bodies) ; &nd this 
conversion of several bodies into one is accompanied, in ' 
most cases, by changes of volume, and in all cases by 
the evolution or involution of heat, or other forms of 
energy. Conversely, a single homogeneous body gives 
rise to heterogeneous bodies, between which and the 
body from which they originate the persistence of 
weight is the only relation of identity. 

For the sake of convenience, these phenomena may 
be distributed into three classes, of which the first em- 
braces the persistence of weight and the combination in 
definite proportions; the second, the changes of volume 
and the evolution or involution of energy ; and the third, 
the emergence of a wholly new complement of chemical 
properties. 

Obviously, the atomic hypothesis is in no sense an 
explanation of the phenomena of the secodd class. It 
is clearly and confessedly incompetent to account for 
^nges of volume, temperature, or latent energy. And^ 
adth ike phenomena of the third classj it is apparently 
incompatible. For, in the light of the atomic hypothesis, 
chemical compositions and decompbsitioDB are in their 
iiatare nothing more than aggregations and segregations 
yt masses whose integrity reigns inviolate. But the 
radical change of chemical properties, whiSh is &e 
msiilt of aU. true chemical action,- and serves to disiin* 
it fiKim me c h a ni cal fluxtam sepahttibB^ 
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evu^cea a tiiorongli destruction of that integrity. It may 
be that the appearance of this incompatibility con be 
obliterated by the device of ancillaiy hypotheses but 
that leads to an abandonment of the simplicity of the 
atomic hypothesis itself, and thus to a sur^nder of its 
claims to merit as a theorf . 

At, best, then, the hypothesis o:^ atoms of definite 
and different weights can be offered as an explanation 
of the phenomena of the first dass. Does it explain 
them in the sense of generalizing tliem, of reducing 
many facts to one? Not at all; it accounts for them, 
as it professed to account for the indestructibility and 
impenetrability of matter, by simply iterating the ob- 
served fact in the form of an hypothesis. It is another 
case (to borrow a scholastic phrase) of illustrating idem 
pefr idem. It says : The large masses combine in defi- 
nitely-proportionate weights because the small masses, 
the atoms of which they are multiples, arc of defiaitely- 
proportionate weight. It pulverizes the fact, and claims 
thereby to have sublimated it into a theory.* 

The truth is, as Sir William Thomson has observed, 
that “ the assumption of atoms can explain no property 
of a body which has not previously been attributed to 
the atoms tiSemsdves.” 

The foregoing considerations do not, of course, de- 
tract from the merits of the atomic liypothesis as a 
graphic or expoatoiy device — as an aid to the repre- 

* That the assomption of atoms of dijEFerent spedfic gravities is, on 
the basis of the atomic theory itself, simply absurd, has already been 
shown (snjora, p, 85). According to the mechanical conception, which 
underlies the whole atomic hypo^esis, differences of weight are differ- 
ences of denifity ; and differences of density are differences of distance 
bdween the particles contidned in a given space. But, in the atom there 
is no multiplicity of particles and no void space; hence differences of 
or height are impossime in the case of atoms. 
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sentative faculty in realizing” tl)e phases d oheipical 
or physical transformation. It is a fact beyond dispute 
that chemistry owes a great part of its practical advance 
to its nsey and that the structural ^formulae founded 
upon it have enabled the chemist, not merely to trace 
the connection and mutual dependence of the various 
st^i^es in the metapiorphosis of ‘‘ elements ” anej^ “ com- 
potmds,” BO called, but in many cases (such a4 that of 
the hydrocarbon series in organic chemistry) 'success- 
fully to anticipate the results of experimental research. 
The question, to what extent the atomic theory is still 
indispensable to the chemist as a “working hypothesis,” 
is at this moment under vigorous discussion among men 
of the highest scientific authority, many of whom do 
not hesitate to indorse the declaration of Cournot (made 
many years ago) that “the belief in atoms is rather a 
hindrance than a help ” * not only because, as Coiumot 
complains, it interposes an impassable chasm between 
the phenomena of the inorganic and those of the organic 
world, but because even as a representation of the phases 
and results of the most ordinary chemical processes it is 
botli inadequate and misleading. The modifications to 
which it h^ lately been found necessary to subject it, 
in order to meet the exigencies of the prdlent state of 
chemical science — ^modifications exemplified in the doc- 
tripes of constant varying atomidties or valences, of 
molecnlar or atomic endiaimnents, etc., with the attend- 
ant theories (propounded by K^14 and others) of mo- 
impact— attest the ^fiicnlties encountered iP the 

' * aonua^ poor FlimiKmie g£n4tale da iritime de no* cioiiiiBii> 
(mtiuit qae poqvons ea jngcr) pm li plus . 
jOBfS da llwmoBie qni oertdineineiit existo dl^ I’awimljte 

platdt on mlmn» qa’au teooural’ 
Coati^ das lj^dai fondsmeabdea daiu lini 
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attempt tobring tbe^tomic hypothesis into conformity 
with the theoretical requirements of the hour. And, in 
proportion as the attention of the modem chemist ds 
directed to the tnansferencc and transforma^ou of en- 
ergy involved in every instance of chemical “ composi- 
tion ” and “ decomposition^’ no less than in every case of 
allotro^ic change, its ineptitude as a figurative adumbra< 
tion of Vie real nature of chemical' processes becomes 
more and more apparent.* 

I propose next to consider one of the most notable 
applications of the atomic hypothesis to physics — ^the 
kinetic theory of gases. 

* Aa an illustraUon of the disfavor vrith which the atomic hypothesis 
coming to bo regarded by distinguished chemists, I may be permitted to 
quote a passage from an essay by the late Sir Benjamin 0. Brodie, Pro- 
fessor of Chemistiy at Oxford : “ I can not but say that I think the atomic 
doctrine has proved itself inadequate to deal with the complicate<l system 
of chemical fact which has been brought to light by the efforts of modem 
chemists. I do not think that the atomic theory has succeeded in con- 
structing an adequate, a worthy, or even a useful representation of those 
facts.*’ “ On the Mode of Representation afforded by the Chemical Calcu- 
lus as contrasted with the Atomic Theory.” Chemical News, August, 
1867, p. 72. It is but fair to add, however, that I am not in sympathy 
with Brodie’s own theoretical scheme so far os I understand it. 



CHAPTER Vin. 

i 

THE KINETIO THEOEY OP OASES. COOTITIONS 6P THE 

VALIDITY OP 6CIENTIPIC HYPOTHESES. " 

In the fourth chapter * I have already given an out- 
line of the doctrine now generally known and accepted 
as the kinetic theory of gases. The assumptions of 
this theoiy are that a gaseous body consists of a great 
number of minute solid particles — molecules or atoms 
—in perpetual rectilinear motion, which, as a whole, is 
conserved by reason of the absolute elasticity of the 
moving particle^ while the directions of the move- 
ments of the individual particles are incessantly changed 
by their mutual encounters or collisions. The colliding 
particles are supposed to act upon each other only with- 
in very small distances and for very short times before 
and after collision, their motion being free, and conse- 
quently rectilinear, in the intervals between such dis- 
tances and times. The durations of the rectilinear 
motions in free path^are, moreover, assumed to be in- 
definitely large as compared with the durations of the 
encounters and of the mutual actions. 

' ; This theory was first advanced by Kroenig, f and 
has since been elaborated by dansius, Maxwell, Boltz- 

t v6l* xoix, p. B16 Mg. Ab is usual in 6\tAi casea^ 

luido&a uf tiie theory have sinoe beea discovered in the writin^^eet. vari- 
W Qldbr P. Dtt Bois-BeymhdinPdga* yol. 9^ 
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mann, Stefan, Ffaijpdler, and other physiciats of the 
higitest note. As in the case of the atomic hypothesis 
generally, I propose for the present to discuss, not* so 
much the logical*warrant, as the scientific vialne, of the 
theory in question. To this end it will ^ necessary, 
however, "first to ascertain*the true nature and function 
at a scientific hypothesis — ^not only the criteria of its 
value, Ifht also the conditions of its validity. 

* A scientific hypothesis maybe defined in general 
terms .as a provisional or tentative explanation of phys- 
ical phenomena.* But what is an explanation in the 
true scientific sense'! The answers to this question 
which are given by logicians and men of science, though 
differing in their phras^logy, are essentially of tlie 
same import. Phenomena are explained by an exhibi- 
tion of their partial or total identity with other phe- 
nomena. Science is knowledge ; and all knowledge, in 
the language of Sir William Hamilton, f is a uhifica- 
tion of the multiple.” The basis of all scientific 
explanation,” says Bain, :|: “consists in assimilating a 
fact to some other fact or facts. It is identical with 
the generalizing process.” And “ generalization is only 
the apprehension of tlie One in the Many.” * Similar- 
ly Jevons:|' “Science arises from the discovery of 
identity amid diversity,” and ^ “ every great advance 
in sidenoe consists in a great generalization pointing 

* 'Wimdt has lately (Logik, 1, 408) son^t to distingaidi hypothe- 
ses frwn “ antidpations of fact ” and to lestrict the term “ hypotheeb ” 
to a sttDse which, notwhhetanding its etymologioal warrant, is at variance 
with or^naiy as well as sdenltifio nsage. 

. f lectures .on Metaphysics (B«{|ton ed.^ pp. 47, 48. 

' iliogic, ^(iMiaotiTe), chap, sli, g 8. 

. * Bai^ton, 1 A, p. 48. 
fPriueiidea of Bciencoj i, &> !• 

>J6„a,*i».88l. 
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oat deep and subtle resemblances.” The same tbii^ is 
stated by tbe author just quoted in another place:* 
“Evpry act of explanation consists in detecting and 
pointing out a resemblance between facts, or in showing 
that a greater or less degree of identity exists bet ween 
apparently dherae phenomena.” 

All this may be expressed in familiar language thus : 
When a now phenomenon presents itself to the' man of 
scionco or to the ordinary obserrer, the question arises 
in the mind of either : "^at is it ? — and this question 
simply means: Of what known, familiar fact is this 
apparently strange, hitherto unknown fact a new pros- 
entotion — of what known, familiar fact or facts is it a 
disguise or complication? Or, inasmuch as the par- 
tial or total identity of several phenomena is the basis 
of classification (a class being a nmnber of objects hav- 
ing one or more properties in common), it may also be 
said that all explanation, including explanation by hy- 
pothesis, is in its nature dassification. 

Such being the essential nature of a scientific ex- 
planation of which an hypothesis is a probatory form, 
it follows that no hypothesis can be valid which does 
not identify the whole or a part of the phenomenon, 
for the explanation of whidi it is advance^ with some 
other phenomenon or phenomena previously observed. 
This first and fundamental canon of all hypothetical 
reasoning in science is formally resolvable into two 
propositions, the first of which is that every valid hy- 
pothesis must be an identification of two terms— tbe 
f^ to be explained and a fact by which it is explained ; 
and the second tlrat the latter &et must be known to 
experionce. 

Tested by the first of these proportions, all hypoth- 

* Prindplot of Sdoneev 11, p. 16S. 



THE KINETIC THEORY OF GASES. 


107 


eses* are Aitile wliidi merely substitute an assumption 
for a fact, and thus, in the language of the schoolmen, 
explain ohBCwrvm per ohacwiua^ or (the assumptio^i be- 
ing simply the st&tement of the fact itself In another 
form — the ^‘/act over again”) illustrate idem per idem. 
And the futility of such hypotheses goes to the verge 
of mi^bievous puerility when they replace a single 
JPact by a number of arbitraiy assumptions, among which 
is the f^t itself. Some of the uses made of the atomic 
hypothesis, both in physics and chemistry, which have 
been discussed in the last chapter, afford conspicuous 
examples of this class of bootless assumptions ; and 
similar instances abound among the mathematical for- 
mula that are not infrequently paraded as physical 
theories. These formulae are in many cases simply re« 
suits of a series of transformations of an equation 
which embodies an hypothesis whose elements are 
neither more nor less than the elements of the phe- 
nomenon to be accounted for, the sole merit of the 
emerging formula being that it is not in conflict with 
the initial one.'’^ 

* r hope not to be misunderstood as disparaging the senriceB for 
which physical Ibience is indebted to mathematics. These serrioes— es- 
pedaUy those rendered by modem analysis— *are incalculable. But there 
are mathematidana who imagine that ^ey have oompasscd a solution of 
all the mj^teries invcdved in a case of physical action when they have 
reduced St to the form of. a diileren^l expression preceded by a group 
of fadtegral signs. Even when their equations are integrable tb^y should 
bear in mind tibat the operations of mathematics are essentially deduc- 
tive, and, while they may extend, can never deepen a physical theory. 
Giaating that mathematics are much more than itMiptuBra and that 
thdr office in the investigation of4he causes of 'natural phenensena is 
far mm iBq)okant than the purely* regulative fimetions of formal logic 
in sdeuoe generaUj— eoncediog that the apidlcatiou of mathematics to 
only brou|^fo light the slgnificanoe of many experi- . 
^ rmtubh'htit ,has nfto been a tnotwortfay npiide to sucoesiithil fOr 

-/ir V., ,, , I, ; ■ ^ 
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In order to comply with thei first condition of its 
yalidily, an hypothesis innst bring the fact to be ex- 
plained into relation with some other fact or facts by 
identifying the whole or a part of the former wjth the 
whole or a part of the latter. In this sei)8e it has been 
well sidd that a valid hypothesis reduces the number of 
the nncomjvehended elements of a phenoihenen by at 
least one.* In the same sense it is sometimes said t^a^ 

scorch — ^nevertheless some of our prominent physicists and mathemati- 
cians might still read with profit the ninety-sixth aphorism ih the first 
book of Bacon’s JVovtiin Organon: ‘^Naturalis Fhilosopbia adhucsin- 
cera non invenitur, sed infecta et comipta; in Aristotelis scholfi per 
logicam ; in Platonis scholfi per theol<^iam naturalem ; in secundk scholft 
Flatonis, Procli et aliorum per Matliematieamf quae phUoeopfiiam naJtu-> 
ralem terrninare^ non generare out procrcare As to the value of 

the class of formula) referred to in the text it may not be inappropri- 
ate to cite the words of Cournot (De I’Bnchainement, etc., i, p. 249) : 

Tant qu’un calcul ne fait que rendre ce que Ton k tir6 de I’observation 
pour rintroduire dans les 616ments du calcul a vrai dire 11 n’ajoute rien 
aux donndcs de robservation.” To the same effect are the admirable 
reflections of M. Foinsot (Th4orie Nouvelle de la Rotation des Corps, 
4± 1851, p. 79) : ** Ce qui a pu faire illusion k quelques esprits sur cette 
esp5ce de force qu’ils supposent aux formules de I’analyse, e’est qu’on 
en retire, avec asses de fhcUitd, des vdritds d5ja oonnues, et qu’on y a, 
pour ainsf dire, soi-m5me introduites, et il semble alors que I’andlyse 
nous donne oe qu’elle ne fait que nous rendre dans un autre langagc. 
Quaod un tb5or5me est connu, on n’a qu’k I’exprimer pir des Equations ; 
si le ihbortae est vrai, chaeune d’elle ne pent manquer d*5tre exacte, 
anssl bleu que Ics transfosmdes qu*on en peat d5duire ; et St Ton arrive 
1 ^ 1 ^ k quelque formule dvidente, on blen dtablie d’aiUeurs, on n’a qu'k 
^ fttcnidre oette expression comme un point de ddpart, k revenir sur see pas^ 
«t le ealcul seal paratt avoir conduit comme de lui-mdme an thdordme 
dont il s*agii Hais e’est en cela que le ledteur est trompd.” 

' * ^jDerTerstand hat das Beduerfniss ]ede Erschefaiuiig su eridierei 
4; b. els das Resultat bekannter Kraefte oder Ersebeinungen be* 

gHffdi4bsi4«^^ • * • Esgeht UmnshervorfdassjedeHypotbeseiiiit 
bekaniitelUl^^ Ersdheinungen sur Eildaerungann^mi darl^in* 
dm ^Amdbm tbter bbber unbekannten jiC^ nur die Quati^ des 
su eildaereii(|en]Fi^^ aendem^ aberl^lel^ die Eabl d^r uneikleer* 
lii H ei n en te isdncli^ teuL SofiH^be & 7 potheseidcbt vol&b^^ 
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eveijr tnie*theoiy or lijpothesis is in effect a simplifica^ 
tion of the data of experience — an aasertion which miut 
be understood, however, with due regard to the second 
proposition to be*discnssed presently, i. e.f with the 
proviso that tjie theoiy be not a mere asylwn ignoran- 
tia, oi the kind denoted l)y the schoolmen as a jprin- 
cipitmufipressioum, such as the explanation of the 
phenomena of life by reference to a vit(d or 

of certain chemical processes by oataJ/jftie custim. Tme 
scientific explanations are generally complicated in form, 
not only because most phenomena, on proper analysis, 
prove to be complex, but because the simplest fact is 
not the effect of a single cause, but the product of a 
great and often indeterminate multiplicity of agencies 
— ^the outcome of the concnrrence of numerous condi- 
tions. The Kewtonian theory of planetary motion is 
mudi more intricate than that of Kepler, according to 
which every planet is conducted along its path by an 
cmgelua rector / and the account given by modem celes- 
tial mechanics of the precession of the equinoxes is far 
less simple than the announcement that among the great 
periods originally established by the Author of the uni- 
verse was the Hipparchian qrde. The old brocard, 
SMnpZaiB ver^udiovum, is to be taken with many grains 
of aUowanoe before it can be trqpted as a safe rule in 
determining the validity or value of scientific doctrines. 

1 now. come to the second requirement of the valid- 
ity of an hypothesis': that the explanatory phenomenon 
(i. e., that with which the phenomenon to be ety>lained 
is identified) must be a datum of experience. This 

Bwte siri a«i4wiia«H & TentaadMstMt, irdflw sie m 
ciBMBe^hwtfliiiMeseneagteilniM iweddose iwii^ w 
A. tbur mAidWim rm *bt« 

ZeeUiier,.Htttar dec Kopstoa, p. ISS Hf. 

■ L'S ' 
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proposition is in substance eqnivnlent to that ptqi; of 
KjBwton’s first re^la phUosophandiy* in vliich he in- 
sists, that the cause assigned for the explanation of nat- 
ural thin^ must be a vera oausa-^ term which he 
does not expressly define in the Principi^ but whose 
import may be gathered from the folbwing passage 
of his Opticks f : • To tell us that every s]p%cies of 
lyings is endowed with an occult specific quality by 
which it acts and produces manifest effects is to tell us 
nothing. But to derive two or three general principles 
of mo^on fr<mphmomma and afterward to tell us how 
the properties and actions of all corporeal things follow 
from these manifest principles would be a very great 
step in philosophy, though the causes of those principles 
were not yet discovered.” 

The requirement in question has long been the sub- 
ject of animated discussion by J. S. Mill, Whewell, and 
others; but it will be found, I think, that, after making 
due allowance for necessary implications, there is little 
real disagreement among thinkers. The recent state- 
ment of G-. H. Lewes ^ that ‘'an explanation to be 
valid must be expressed in terms of phenomena already 
observed,” and the counter-statement of Jevons * that 
"i^p^ement with fact (i.e., the fact to be explained) is 
the one sole and sqffident test of a true hypoi^is,” 
are both far too broad, and are, indeed, modified by 
Lewea and Jevons themselves in the progress of the 
diseuBsion ; imt the claim of Mr, Lewes is nevertbdesS 
true io. the oensei that no explanation is real unless it if- 
itn id^^oation of experiential data. The eonfosioti 
which,, tH m so many othe»> caim of sdentifio contro- 
IS the bottom of the seeming dissgrement 

■ , t Frabte'clm M i \ m . 
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between tj|ie contending parties, arises from a disregard 
of tbe circnmstance Ibat the identification of two phe- 
nomena may be both partial and indirect — ^that it may 
be effected by sht^wing that the phenomena Jiave lome 
known feature in common on condition that the exist- 
ence, in one er both of the phenomena, of "some other 
feature not yet directly observed, and perhaps incapable 
of diredbobservation, be assumed. The aptest illustra- 
tion of this is the much-debated nndulatoiy th^iy of 
light. This hypothesis identifies light with other forms 
of radiance, and even with sound, by showing that all 
these phenomena have the element of vibration or 
undulation (which is well known to experience) in 
common, on the assumption of an all-pervading ma- 
terial medium, of a kind wKbUy unknown to experi- 
ence, as the bearer of the luminar undulations. In this 
case, as in all similar cases, the identity lies, not in tho 
element, the aether, but in the r&A element, 
the vndulaiion. It consists, not in the agent, but in 
^ law of its action. And it is obvious that every 
hypothesis which establishes coincidences between phe- 
nomena in particulars that are purely fictitious is wholly 
vain, because it is in no sense an identification of phe- 
nomena. Itais worse than vain: it is meaningless — a 
mere collection of words or symbols without compre- 
hensive import. As Jevons expresses it:* “No hy- 
pothesis can be so much as framed in the mind, unless 
itbemoraorleas conformable to experience. As the 
material of our ideas is undoubtedly derived from sen- 
Wtkm BO we can not figure to ourselves any existence 
ear agent but u endowed with some of the properiaes 
of matter. • All that the Ibind can do in the creation 
of hew ^istenees is to alter combinations, or by aoal- 
• '«»FHoo*4ifSc{«noe,U,141. 
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ogy to alter the iatensity of sensaons propejiies.*’ J. 
8. Mill is, therefore, clearly wrongVhen he says * that, 
“ &n hypothesis being a mere supposition, there can be 
no other limits to hypotheses than th^pse of the human 
imagination,” and tW “ we may, if we please, imagine, 
by way of accounting for an effect, some cause of a 
kind utterly unknown and acting according to a law 
altogether fictitious.” The unsoundness of thb latter 
part of this proposition is evidently felt by Mill himself,* 
for he adds at the end of the next sentence that “ there 
is jfrdbaily no hypothesis in the history of science in 
which both the agent itself and the law of its operation 
were fictitious.” There certcMy is no such hypothesis 
— ^at least none which has in any way subserved the 
interests of science. 

An hypothesis may involve not only one but sev> 
eral fictitious assumptions, provided they bring into re* 
lief, or point to the probability, or at least possibility, 
of an agreement between phenomena in a particular 
that is real and observable. This is especially legiti- 
mate when the agreement thus brought to light is not 
between two, but a greater number of phenomena, and 
still more so when the agreement is not merely in one 
but in several real particulars between adiverse p^ 
nomena, so that, in the language of 'Whewell,t the hy- 
potheses which were assumed for one class of cases are 
found to explain another of a different nature — a con- 
silience of induction.” An instance of this is afforded 
by the hypothesis just referred to of the lumuiiferons 
ti^r, which was at first believed also to explain the 
retaidttion of comets. But, while the probability of the 
tr^th of im hypothesis is in direct ratio to the number 
* I»0im Sill fld<, p. 894. 

^ f dM huluodre SdedM (Anil ed4i it 
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of phonoviena thns bronght into relation, it is in the 
invSrse ratio of the* number of snch fictions, or, more 
accurately, its improbability increases geometrically 
while the series qf independent fictions expands Arith- 
metically.* This finds illustration again in the undu- 
latory theory of light. The multitude of "fictitious as- 
sumptions embodied in this hypothesis, in conjunction 
with tfi« failure of the consiliences b^ which it appeared 
*at first >to be distinguished, can hardly be looked upon 
otherwise than as a standing impeachment of its validity 
in its present form. However ready we may be to ac- 
cede to the demands of the theorist when he asks us to 
grant that all space is pervaded, and all sensible matter 
is penetrated, by an adamantine solid exerting at each 
point in space an elastic foi^ 1,148,000,000,000 times 
that of air at the earth’s surface, and a pressure upon 

* “ En g4n£ra1,'’ says Conmot (Be I’Enchsineineiit, eta, i, 103), 
** une th^orie Bcientifique quelconque, xmaginee pour rclier qn oertain 
nombre do faits donnds par Pobseiratioo, peut 6tro assimll^e k la courbc 
quo Pon trace d'aprds une loi g^omctrique, en s’impoaant la condition de 
la fiure passer par un certain nombre de points donnas d’ayanoc. Le 
jugement que la raison potto sur la yaleur intrinsSque de cettc tli^orie 
est ua jugement probable, une induction dont la probability tient d*une 
part h la simplicity de la formula thyorique, d*autre part au nombre dcs 
faits ou des grtgipos dcs falts qu'ello relie, Ic mymc groupe dcvant oom- 
prendre tous les faits qui s’expliquent dyjy lea uns par les autres, indy- 
pendamment de Fhypothy se thyorique. 8*U /out eompHqiter la /ormule d 
mesHre pte de nawveam faUe ee rhUent ^ Pobeervation elle devient de 
motfu en nwUu ptyohable en tant gue loi de la Nature ; ce n*est bient6t plus 
qu*un yehafaudage artificiel qul oroule enfin lorsque, par un surcroit de 
compUcallon, elle perd mymo I’utility d*un systyme artifidel, celle d'aider 
le travail de la pensye et de diiiger les reciberdheS. Si au contraire les 
faits acquis k Pobseryatioti postyrieurement k la construction de I’by- 
piothyse Bont reliys par elle aussi bien que lea faits qui ont scrvi k la 
oonstruire, sigurtout des faits pryfUs comme consequences de Phypothyse 
leqclvent des observations postyrieures une confirmation ydatante, la 
. pibbabitity de Phypothyse peut aller }usqu*y ne lalsser aucune p^ an 
doutedan^ua eqxrit^diOry*** 
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tile square inch of 17,000,000,000,000 pounds,* — a solid 
which, at the same time, wholly dudes our sensra, is 
utterly impalpable and offers no appreciable resistance 
to the motions of ordinary bodies-rwe are appalled 
when we are told that the alleged existence of t^ ad> 
atnantine medium, the sether,«does not, aftdir all, explain 
the obserred irregularities in the periods of comets ; 
that, furthermore, not only is the supposed lumhuf erous 
mther unavailable as a medium for the origination and* 
propagation of dielectric phenomena, so that for. these 
a distinct aU-pervading electriferous aether must be as- 
sumed,f bu^ that it is very questionable whether the as- 
sumption of a single sethereal medium is competent to 
account for all the known facts in optics (as, for in- 
stance, the non-interference of two rays originally polar- 
ized in different planes when they hare been brought 
to the same plane of polarization, and certain phenom- 
ena of double refraction, in view of which it is neees- 
saiy to suppose that the rigidity of the medium varies 
with the direction of the strain — a supposition disconn- 
tmianced by the facts relating to the intensities of re- 
flected light), and that for the adequate e3q>lanation of 
the phenomena of light it is “necessary to consider 
what we term the eether as consisting of* two media, 
each possessed of equal and enormous self-repnlsioa or 
^sticity, and both ekisting in equal quantities through- 
out, space, whose vibrations take place in perpendicular 
planei^ the two media being mutually indifferent, neither 
attracting .nur;repellii^.”4 In this endless superfeta- 

*&. BhmM, ItaiUter Iieetores, ete^ p. 283 ; F. Be Wrede (Fnrik ' 
' deat Ba}44\Aaideiur of Setenees In l^toekbofan), addnes, RiU; Majg^dtk 
aer.,voitkHr,']ii'8U . . * «< . 

^ W> A. Kdrttuii Ml Holeealar Fb^sios, Fhfl. lligi, da aer., to]. 

p.m. ■ 

.! «{ li%b^EEoat, and Eleot^eiljr,- FUI, 
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tioo of letiiereal media upon space and ordinary matter, 
there are ominous suggestions of the three kinds of 
{ethereal substances postulated by Leibnitz and Cartcsius 
alike as a basis fof their vortical systems, fhero Is an 
impulsive whirl in our thoughts, at leasts when we are 
called upon,* in the interests of the received form of 
the undnlatory theory, not only to reject all the pre- 
snmptidlis arising from our common observation and 
*all the ‘analogies of experience, but to cumulate hy- 
pothec and ffithers indefinitely. And we are but par- 
tially reassured by the circumstance that the theory in 
question, besides accounting for the phenQ|pena of op- 
tics which had been observed at the timd of its pro- 
mulgation, has the great meijt of successful prevision, 
having led to the prediction of a number of facts sub- 
sequently discovered. These predictions, eertainjy, have 
not only been numerous, but several of them, such as 
Hamilton’s announcement of conical refraction (after- 
ward verified by Lloyd) and Fresnel’s forecast (from 

Mag. (iv), yoL xUy, p. 210 9eq, In this article the authenr also points 
out the orudcncss of the subsidiary hypotheses which have been 
framed to obTfate other difficulties of the undulatory theory, among 
which are those discussed in the last chapter. ** Waves of sound,*’ he 
says, “ in our a^osphere are 10,000 times as long as the waves of light, 
and their velocity of propagation about 850,000 times less, and, oven 
when aiy has been raised to a temperature at which waves of red light 
are propagated from matter, the vclodty of s^und-waves is only increased 
to about double what it was at zero centigrade. Even thdr velocity 
through glass is 55,000 times less than the speed of the lethereal undu- 
latipas, and the extreme slowness of ohange of temperature in the con- 
duction of heat (as contrasted with the rapidity with which the vibrations 
of the. sather exhaust themselves, becoming insensible almost instantly 
when the action of the existing cause ceases) marks distinctly the 
essential diffsfence between molf^ar and ssthereal vibrations. It ap- 
peam to me, therefore, a very crude h;^iotlrada to imagiDe a combina- 
tion of ssthereO-moIecuiar vibratiomi as accounting for the very ndnute 
difference In the Tetardation 8f doubly i^raoied rays In crystals.” 
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the imaginaiy form of an algebraic formula) of circular 
polarization after two internal reflections in a rhcfinb, ' 
ore very striking. But, although anticipations of this 
sort 'justly^erve to accredit an hypolj^esis, they are, as 
Mill has i^own,* by no means absolute tests of their 
truth. IJsiflg the word “ cause ” in the sense in which 
it is commonly understood, an effect may be due to 
any one of several causes, and may, therefore, in 
many cases be accounted for by any one of. several 
connoting hypotheses, as becomes evident to the most 
cnrsoty glance at the history of science. When an 
hypothesis successfully explains a number of phenomena 
with reference to which it was constructed, it is not 
strange that it should alsp explain others connected 
with them that are snbse^aently discovered. There are 
few dieparded physical theories that could not boast the 
prevision of phenomena to which they pointed and 
which were afterward observed ; among them are the 
one-fluid theory of electricity and the corpuscular theory 
of light. 

There are, of corrrse, other conditions of the vahdity 
of an hypothesis to which I have not yet adverted. 
Among them are those specified by Sir W. Hamilton, 
Mill, Bain, and others, such as that the hyiarthesiB must 
not be contradictory of itself or in conflict with the 
known laws of natprd (which latter requirement is, how- 
ever, somewhat doubtful, inasmndi as the laws in qnes- 
may be incomplete inductions from past experience 
to he supplemented by the very elements postulated by 

p.9;56. Long before mil, Ld^bnits observed tbet suoeeM ' 
in (or predtodng) jbcts Ib no proof of fbe validity of an hjr^ 

potlkeids, lilai|^odb aa eoncatsaioi:} may be drawn from wrong pram* 

Lejlmtts expreasea it, ^ooinme le vcai peat dtre tir<6 
i)L Vottreaut SeBpl% cDuip. xvii, lee. opp* ed. Brdtnuaii» p. 
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the hypothesis) ; that it must be of a nature to admit of 
dedWiye inferences, etc. Upon all these it is not nec- 
essary, in view of my present purpose, to dilate. The 
two conditions which 1 have sought to enforce and*illus- 
trate are, in my judgment, sufficient tests of the validity 
and merits df the kinetic ^theory of gases. 

The fundamental fact to be accounted for by this 
theory h that gases are bodies which, at constant tom- 
*perature8 and in the absence of external pressure, ex- 
pand lit even rate. From this fact the two great empir- 
ical laws, so called, expressive of those physical proper- 
ties of a gas which are directly attested by experience, 
are the necessary and immediate consequences, being, 
indeed, nothing more than ^gartial and complementary 
statements of it. The limitation of gaseous volume be- 
ing produced by pressure alone — the cohibitioc. of tlie 
bi^ of a gas being due solely to pressure — it follows 
that it must be proportional to it ; in other w^ords, that 
the volume of a gas must be inversely as the pressure ; 
and this is the law of Boyle or Mariotte. Again : tem- 
perature is measured by the uniform expansion of a 
column of gas (in the air-thermometer) ; hence, if all 
gai^ expand equally, temperature is proportional to the 
volume of gas and conversely ; this is the law of 
Charles.* 

• 

• One of the strangest incidents in the history of physics is the graye 
discusnon of the question respecting the true law of gaseous expansion. 
** According to Gay-Lussac,*’ says Balfour Stewart (Treatise on Heat, 
p, 00), “the augmentation of yolume which a gas receives when the tem- 
peraturo increases 1® is a certain fixed proportion of Ut initial volume 
0® a ; while, according to Dalton, a gas at any temperature increases in 
vdiiime for a rise of 1® by a oon^ant fraction of to voIwm at ihat tem^ 
pmOure. . .• The dilatation of gases has since been investigated by 
Eudbeig, Dulong and Petit, Magnus and Begnault, and the resutt of thdir 
ta^ leaves litiie doubt tha^ Gay-Lussac’s method of expressing the law 
is buch nAiier tiie truth than Daltim’s.” Ihssmudi as the experiments 
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The forcing teal definition (i. ,e., exhibition of the 
ppoperties) of a gas applies only to ideal or perfect 
gases. In actual experience we meet with no gas 
whic^, in tiie absence of pressure, expands with abso- 
lute uniformity ; and for that reason we do not know 
experimentally of any gas beh&ving in stricf conformity 
to the laws of Boyle and Charles. Moreover, we are 
unable directly to observe a gas which is whdiy free 
'from pressure ; the datum of experience is simply that 
gases expand (other things being equal) in proportion 
to the diminution of the pressure to which they are 
subjected. But in the case of many gases — those which 


of Rudberg and others were necessarily made on the supposition that the 
coefficient of expansion was the sa'aie for all gases (the question relating, 
not to the expansion of some particular gas, but of gases generally), and, 
as the standard temperatures were those of the air-thormometer, it would 
have been surpriidng, indeed, if the result had been confirmatory of Bnl- 
W’s view. A thermometer is graduated by dividing a given length of a 
tube of even bore into equal parts. It is clear, therefore, that the incre- 
ment Of volume resulting from the expansion of the air in such a tube 
through one degree is a fixed part of a constant volume initially assumed, 
and not of a constantly increasing volume ; and the same thing is, of 
course, true of any other gas if it expands at the same rate. Dalton’s 
form of the law of expansion would yield the following remarkable series 
of equal ratios— in which the first represents the rate of expansion of ' air 
in the thermometer, and the others stand for the rate (or^athcr rates) of 
expansion of the gas under examination (a being the linear expansion of 
the air in the thermometer, its initial volume, a' the corresponding ex- 


pansion in the gas under examination, v' its initial volume): - = s; 
• ^pefimehtal solu^on of the question here referred to are suggestilve, by 


the way, of A ddnbt as to the otw rectness of the prevailing systems of tiier- 
are founded on the assumption of equalities of volume- 
ratfot in one ^ the terms is constant while the other la variable, 
^ h of Vhibh, have the same numerator, but ffifforent denomitis;- 


tere, fhese are but imperfectly met by the mfieqdon that, 
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Bre^eithe* wholly ii^poeroible, or coercible (i. e., rednci- 
ble to the liqnid or solid state) with great dilHcalty, and 
of nearly all gases at very high temperatores— the dM- 
ation from unifonnity of expansion is very slight/ 

Ifow, how does the kinetic theory of ^Ases ei^lain 
the experiential fact or facts just stated ? It professes 
to explain them on the basis of at least three arbitrary 
assumptions, not one of which is a ^tum of experience, 
* viz. ; ’ 

1« That a gas is composed of solid particles which 
are indestructible and of constant mass and volume. 

2. That these constituent particles are absolutely 
elastic. 

8. That these particles a;^ in perpetual motion, and, 
except at very small distances, in no wise act upon each 
other, so that their motions are absolutely free and 
therefore rectilinear. 

I refrain from adding a fourth assumption — ^that of 
the absolute equality of the particles, in mass at least — 
because it is daimed (though unjustifiably) to be a cor- 
oUaiy from the other assumptions. 

!^e first of these assumptions has been suffidently 
considered in the last chapter. The second assumption 
-asserts the'^absolute elasticity of the constituent solid 
particles. What is the import and scope of this assump- 
tion i The elasticity of a solid b^y is that property by 
meaiss of which it occupies, and tends to occupy, por- 
^na of space of determinate volume and figure, and 
..therefore reacts against any force or stress producing, 
or tending to produce, an alteration of such volume or 
'%nre with a oounter-fo^ <xe stress whidi, in the case 
' of perfect eladioity, is exactly proportional to the alt6|^ 
Jug force, Kow, it is seen at once that the property— 

. ^ ji^M^thus jssBumSd in the constituent soM in(da4w 
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the veiy fact to be accounted for ii^tbe gas. A perfect 
^ reacts againet a stress tending to reduce its volume 
with a spring proportional to the stress ; and for this 
reason gases are defined as elastic fluids. This resili- 
ence of the against diminution of volume is obvi- 
ously a simpler fact than the inbound of a solid against 
both diminution an^ mcreaae of volume, in addition to 
ika reaction against a dumge offigwe. The resistance 
to severed kinds of change implies a greater nuiliber of* 
forces, and is therefore a more complex phenomenon, 
than the resistance to one kind of change.* 

It thus appears that the presupposition of absolute 
elasticity in the solids, whose aggregate is said to con- 
stitute a gas, is a flagrant violation of the first condition 
of the validity of an hypothesis — ^the condition which 
requires a reduction of the number of unrelated ele- 
ments in the fact to be explained, and therefore forbids 
a mere reproduction of this fact in the form of an as- 
sm^tion, and a fortiori a substitution of several arbi- 
trary assumptions for one fact. Manifestly tiie expla- 
nation offered by the kinetic hypothesis, in so far as its 
secohd assumption lands us in the very phenomenon 
from which it starts, the phenomenon of resOienoe, is 
(like the explanation of impenetrability, or*'bf the com- 

* It may be said that th^ greater simplicity of the properties of a gas 
ia purely oonoeptaal. The identification of concepts with facts is un- 
donbtedty the great fundamental error of specolaticm ; but we are now 
doaXibg it^ith the conceptual elements of the hypothesis under disoussion. 
Tfa0 opinion that a s^ of constant vdume (or, more accurately ex- 
presi^ of Taflabie tolume, expanding or oontracting to a fixed volume .. 

moht) Is a idmplw thing than a unifonnly expanding body is 
certain tidi toed upon a^y fact of ^jperienee, but is a men prejudice 
. of tbs tnttilleojt eto to the notion that a body at rest is a siiikpler phenom- 
, • eiM thaii a toy in uttlfoxm motion, and general^ that rest is sknpler 
timuinoto* , totooe bus its root l^our habitual obUrlenof the 
nlyptiviby Of sU pbeiiOBioaa, whidt will be dUcussed hereafter., 
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bin^tion •of elemei)fs in definite {ooportions by the 
atomic theory) simply the illustration of idem per idem, 
and the very reverse of a scientific procedure. It is a 
mere v&recdio in foeo — movement without progress. It 
is utterly vain ; or rather, inasmuch as i^ complicates 
the phenomenon which It professes to explicate, it is 
worse ^han vain — a complete inver^on of the order of 
^intelligence, a resolution of identity into difference, a 
dispersion of the One into the Many, an unraveling of 
the Simple into the Complex, an interpretation of the 
Known in terras of the Unknown, an elucidation of 
the Evident by the Mysterious, a reduction of an os- 
tensible and roil fact to a baseless and diadowy phan- 
tom.* 

Waiving the question already discussed, whether or 
not the assumed absolute solidity and constancy of vol- 
ume of the supposed constituent particles are consistent 
(in the light of the mechanical theory generally) with 
their absolute elasticity, I proceed to consider the third 
assumption of the kinetic hypothesis. This assumption 
is an unavoidable supplement to llie initial theoretical 

* All theorists who attempt to aocount for a physical fact by a multi- 
plication of arbitrary assumptions in which the fact itself is reproduced 
are liable to Aifttotle’s acute animadrerslon upon the Platonic doctrine 
of ideas— their endeavors arc as nugatory as those of a person who, for 
the purpose of facilitating the operation of counting, begins by multiply- 
ing bis numbers— ol 9# rof tdrUu wpuroif fyrovyrts 

Tw Xafitw rat Mas Snpa ro^ais tera w apt^/tby 
Sirvfp cf ri f jBovX^imr ikvrr6vmy f/My (irr«ir dorrs ph 

dat wAciw 8e woi^o'os Met, A. 9, 990, d seg, Occam's rule 

MHa non mmt malHplicanda prader weestUaiein " has its applications 
hi physios no less than in metaphysics; and there are physical theories 
of wldoh Ifichel Moatidgne, if he lared to-day, would say what he said of 
cterialn sdboUStic vagaries, three hundred years ago: “ On ssehan/re un 
maipour un auHre moi, d stmveni plus ineojptsu, . . . Pour saiis/airs d 

^sstla Uste d^E^ra. . . . N<m cm^ 
m rsdim^uneruekSs:* Essais,iii, 19* 
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flomplication of the phenomenon o{ dasticity, produced 
by the arbitraiy Bubstitudon of the resilience of a solid 
against intarease or diminution of volame and change 
of figure for the reaction of a gas against diminution 
of volume a^one. To get rid of one gratuitous feature 
of the hypothesis (the additioh of the rebound against 
dilatation and distortion to that against compi^eesion) 
and to bring it into conformity with the fact tb be ex* 
plained, it becomes necessary to add another arbitrary 
feature— to endow the parts with incessant rectilinear 
motion in all directions. In respect to this assumption, 
which, like other assumptions of the mechanical theory, 
is bas^ upon a total disregard of the relativity and 
consequent mutual deperu^snee of natural phenomena, 
it is to be said, for the present, that it is utterly gratui- 
tous, and not only wholly unwarranted by experience, 
but out of aU analogy with it. Bodies which, except 
on the very verge of immediate contact, move inde- 
pendently without mutual attraction or repulsion or any 
sort of mutual action and thus present perfect reatiza- 
tiouB of the abstract concept of free and eeaseless recti- 
linear motion, are unheard-of strangers in the wide do- 
main of sensible experience. So complete, an abandon- 
ment of the analogies of experience is the more 
sturprising in view of the cireumstance that the atomic 
%poth^8, whereof the kinetic theory of gases is a 
l:M^di,is confessedly a concretion of suggestions de- 
layed from celestial mechanics. There is hardly a trea- 
on iD 04 cni physics in which the atoms or molecules 
are not 'cbinpai^ to phmetary or stellar lytiems. 
.obuppottnil atom,” says Jevoas,* ^ may perhaps be Bonir 

'"V- J ® ' 

ol Spience, i, 453. ii jlrwed Untersiu&qiifeii 
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pared wltl^ a stellar system, each star a minor ^stem in 
itself^’ Bat the bodies with which celestial mechanics 
deal are all snbject to the law of attraction ; and tlie 
import of the yei^ first theorem of iN'ewten’e I^-in- 
cipia is, that these bodies, if their motions are at any 
moment out df the same straight line, can never collide, 
but most always move in carved orbits at a distance 
from eai^ other. Oblique impacts between them, pro- 
ductive of rotations as well as of deviations from their 
paths bjefore impact, as they are imagined by Olausius 
and the other promoters of the kinetic theory, are im- 
possible. And this is true, not only when the mutual 
actions of the bodies vary inversely as the squares of 
their distances, but wheneveiy&ey vary as any higher 
poorer of these distances — a proposition to be borne in 
mind in view of certain speculations of Bolhpnann, 
Stefan, and Maxwell, of which I shall presently speak. 

There is another very extraordinary and, in the li^t 
of all the teachings of science, unwarrantable feature in 
the assumption respecting the movements of the alleged 
solid constituent particles. I allude to the absolute disr 
continuity between the violent mutual action attributed 
to these particles during the few instants of time be- 
fore and after their collisions, and their total freedom 
&om mutual action daring the comparatively long 
periods of their rectilinear motion tdong “ free paths.” 
And this leads me to say a few words in regard to 
certain subsidiaiy assumptions made by Maxwell and 
oth^ in order to account for the tmomalies exhibited 
by g^^ of di&rent degrees of eoercibility in their de- 
viations frmn Boyle’s and Qbarles’s law. Maxwell as- 
sumes that the gaemoleeateh.are neithm' stricldy spheri- 
cal hqr abe<fiutd.y elastio, and that riieir centers repel, 
ehfdi other with s' foro^ hiveis^ paroportiooal > to the 
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fifth power of their di^tanc^ ; * w^ile Stefanif endeaP* 
ora to adjnst the hypothesis to the phenomena in 'ques- 
tion by postulating that the molecules are absolutely 
elastic and- perfect spheres whose diameters are inverse- 
ly proportiqnal to the fourth roots of the absolute tem- 
peratures of tlie gases. Th^se assumptions, which are 
fatal to all claims of simplidty preferred on bqlialf of 
the kinetic hypothesis, are in no sense an out^wth of 
its original postulates ; both are purely gratuitous as 
well as without experiential analogy, and the first of 
them, tliat of Maxwell, is in direct defiance of aU the 
inductions from the wide range of actual observation. 
They are both mere stop-gaps of the hypothesis, peace- 
offerings for its non-copgruence with the facts, pure 
inventions to satisfy the emeigencies created by the 
hypothesis itself. 

It were work of supererogation to review in detail 
the logical and mathematical methods by which it is 
attempted, from an hypothesis resting on such founda- 
tions, to deduce formulae corresponding to the facts 
of experience. I may be permitted to say, however, 
that the methods of Eduction are only less extraortfi- 
than the premisses. To account for the lawd o£ 
Boyle and Charles resort is had to the caldhlus of prob- 
abiU^^” ^ Maxwell terms it,:( the method of sta- 
^fios. ' It is all^d that, althc^gh the individual mol- 
ei^leB ’>move with unequal velodties, ei&er because 
these velocities were originally unequiJ, or becanse. tfaey 

* Siiiee fliis mts viitteii. Maxwell Uaaelf luui abandon^ tUs'aMnmp)-*. 
ticmiMi notvontomaUe to.the faiot^ 

t!^jraamiidn Olflusto d«t Chue.. Sttaongsberidite der 
'^ka3H|^||eiUai akadenle der WiaaeiHM»«|t^ Mathem. natn^w. Olaaie, vbL 
Izv, fL tSia. fdw Boltimaiiii, ttebdr'das Wirkmagagaatta dv M^rislai!. 
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hAT^ become irneqn*! in consequence of iihe encoimtexe 
betwmn them, nevertheleBB, there will be an average of 
all the vidoeities belonging to the molecnles of a sj^tem 
(i.e., of a gaseon? body) whidi Maxwell callb the “ve- 
locity of m^ square.” The pressnre, on«tbis supposi- 
tion, is proportional to a product of the square of this 
average^ velocity into the number of molecules multi- 
.plied bjr the mass of each molecule. The product of 
the number of molecules into the mass of each mole- 
cule is then replaced by the density— in other words, 
the whole molecular assumption is, for the nonce, 
abandoned — ^and the velocity is eliminated as represent- 
ing the temperature; it follows, of . course, that the 
pressure is proportional to thoadensity. 

Similar procedures lead to tlie law of Charles and 
the “law” of Avogadro (according to which the num- 
ber of molecules in any two equal volumes of gases of 
whatever kind is the same at the same temperatures 
and pressures — a law which is itself a mere hypothesis). 
It is claimed, on statistical groipids again, that not only 
the average velocity of a number of molecnles in a. 
given gaseous body is the same, but that “if two sets 
of molecules, whose mass is difEerent, are in motion in 
the^ sanie vessel, they will, by their encounteii, ex- 
change energy with each, other til} the average- kinetic 
energy of a single tndseute set is the same.” * 

“’This,” says Maxwell,, “follows* from the same inv^ 
tigatidn which deteimnes the law of distribution of 
Velocities in a single set of molecules.” All this being 
granted, the law of Charles and the lavr of Avogadro 
(calfed by ^l^well the law of ■ Gay-Lussac) are readily, 
derived. And at the dnd pf these devions courses of 
dedtukion MaxweB adds .a Requisition on t]mprcq>ertieB 

•lihxweH,2:0.,])li:s89 4Msr. . ' 
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of moleculeB, in which he ekims ,to have made it evi- 
dent that the molecules of the same substance are ^un- 
alterable by the processes which go on in the present 
state of things, and eveiy individual of the ssune species 
is of exactly the same magnitude as though they had 
all been cast in the same mbld, like bullets, and not 
merely selected and grouped according to th^r size, 
like small shot,’- and that, therefore, as he expi^sses it 
in another place,* they are not the products of Any sort' 
of evolution, but, in the language of Sir John Herschel, 
“ have the essential character of manufactured articles.” 

Now, on what logical, mathematical, or other grounds 
is the statistical method applied to the velocities of the 
molecules in preference J^their weights and volumes ? 
What reason is given, or can be given, why the masses 
of the molecules should not be subjected to the process 
of averaging as well as their motions? None what- 
ever. And, in the absence of such reason, the deduc- 
tions of the kinetio theory, besides being founded bn 
rickety premisses, are delusive paralogisms. 

Upon these considerations I do not hesitate to de- 
clare that the kinetio hypotliesis has npne of the charac- 
teristics of a legitimate physical theory. Its premisses 
are as’ inadmisrible as the reasoning upod them is in- 
conchirive. It postulates what it professes to explain ; 
it is a solution in terms more mysterious than the prob- 
lem— a solution of an equation by imaginary roots of 
unknown quantities. It is a pretended explanation,' of 
wiiich it'were tuDD^ted praise to say that it leaves the^ 
.facts Wire it. found them, andi is obnbxious to the bid 
strit^ore : nU Utm> guod Ufy 

tlie Tbmy at yStoeri S Bi «t. Bopnlar Soitiim 
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Much IB said about the support derived by the 
kinetic tWory of ^ases from the revelations of the 
spectroscope. The spectra of gases, unlike those of 
solids and liquids, are not continuous, but consist of 
distinct colored lines or bands — diowing, as is claimed, 
that in gases the vibratiens of molecules *do not inter- 
fere; that incandescent gases emit distinct kinds of 
light tmd not (as Jevons expresses it) luminar noises, 
'because there is no clashing of the molecules disturbing 
the natural periods of vibration.* The spectroscope is, 
no doubt, the most important witness yet called on be- 
half of the kinetic theory; but the testimony of this 
witness is not all in its favor. “ The spectroscope,” 
says Maxwell himself,t “s^ows that some molecules 
can execute a great many dinerent kinds of vibrations, 
They must, therefore, be systems of very considerable 
complexity, having far more than six variables. Now, 
every additional variable introduces an additional 
amount of capacity for internal motion without in- 
creasiug the external pressure. Every additional vari- 
able, therefore, increases the specific heat, whether 
reckoned at constant pressure or constant volume.* So 
does any capacity which the molecule may have for 
storing up energy in the potential form. But the cal- 
cukted specific heat is already too great when we sup- 
pose the molecule to consist of tw» atoms only. Hence 

* Aoeording to the latest interpretation of speetroeoo^ phenomena, 
tile omtitinlty or diMontinuitr ot a spectrum is indicative, not eo much of 
the itete of aggregation, as of the moleeulsr oompiekUjr of the body ex- 
amine. It is said tbit a body ^Ids a speetnutt of lines when its nKtie* 
ooles. cmtttin but a few atwns eadi ; that, when they contain mote, the 
spectrum pre^gnts the appenanoedi fluted bands ; and thattiie spectrum 
isecn^notts when eadi moiecule comptises a great number of atems. 

.. ’ .‘tOnthePynamicalEtidenceofthelCidecslarCenstitntionofBod- 
^ Ketoi^ March 4 and 11, t87S,. Eos. S80^ 
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everj additional degree of complexity whicli ^e attrib- 
ute to the molecule can only increase the difficulty of 
reconciling the observed with the calculated value of 
the s^ecificuheat.” , 

It may seem strange that so many of the leaders of 
scientific research, who have been trained in the severe 
schools of exact thought and rigorous analysis, should 
have wasted their eliorts upon a theory so mauafestly 
repugnant to all scientific sobriety — an hypolbesis in' 
which the very thing to be explained is but a small 
part of its explanatory assumptions. But oven the 
intellects of men of science are haunted by pre-scientific 
survivals, not the least of which is the inveterate fancy 
that the mysteiy by whicl^ fact is surrounded may be 
got rid of by minimizing the fact and banishing it to 
the regions of the Extra-sensible. The delusion that 
tlie elasticity of a solid atom is in less need of explana- 
tion than that of a bulky gaseous body is closely related 
to the conceit that the chasm between the world of 
matter and that of mind may be narrowed, if not 
bridged, by a rarefaction of matter, or by its resolu- 
tion into “ forces.” The scientific literature of the day 
teems with theories in the nature of attempts to con- 
vert facts into ideas by a process of dwindling or snb- 
tilization. All sueb attempts are nugatory ; the intan- 
gible specter proves niore troublesome in the end than 
the tangible presence. Faith in spooks (with due re- 
q)ect be it said for Maxwell’s thermo-dynamical “ de- 
mons” and for the population, of the “Unseen Uni- 
teteib”) is nuwisdpm in physics no less than in pneu* 
matology. 



CHAPTER IX. 

JHB RELATION OP THOUGHTS TO THINGS. — ^THB FORMA- 
TION OP CONCEPTS. — ^METAPHYSICAL THEORIES. 

It lias become evident, I take it, in the course of 
the preceding discussions, that, while modern physical 
science is professedly an endeavor to reduce the plie- 
nomena of nature to the elfKQtients of mass and motion, 
and thus to exhibit them as results or phases of me- 
chanical action — claiming, on this ground, to^be the 
only mode of dealing with these phenomena that is not 
in its nature metaphysical — ^nevertheless all the depart- 
ments of science which have made decided advances 
beyond the firet classificatory stage proceed upon as- 
sumptions and lead to consequences inconsistent with 
tlio object of this endeavor and with the fundamental 
principles of the mechanical theory. We find ourselves 
in the mids^ of a confusion, therefore, which is to be 
cleared up, if at all, by an inquiry into tlie origin of 
this theory and by a determination of its attitude tow- 
ard the laws of thought and the forms and conditions 
of its evolution. 

The account given, by ordinary psychologists and 
logicians, o£, the nature and operations of thought may, 
80 far as it bears upon the jnatter now under considera- 
tion, be compressed into a few sentences. Thought, in 
its most comprehensive sense, is, the establisliment or 
recognijjpn of relatioiui between phenomena. Foremost 
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among those relations — the foundation, in of all 
others, such as those of exclusion and inclusion, cd&xist- 
ence and sequence, cause and effect, means and end — 
are the relations of identity and diffemnoe. The differ- 
ence betwemi phenomena is a primary datum of sensa- 
tion. The very &ct of sensation is based tf^n it. It is 
one of the many acute observations of Hobbes that “it 
is all one to be always sensible of the same tmng and 
not to be sensible of anything.”* “We only know any- 
thing,” says J. S. Milljt “ by knowing it as ^distin- 
gnished from something else; all consciousness is of 
difference; two objects are the smallest number re- 
quired to constitute consciousness ; a thing is only seen 
to be what it is by conti^ with what it is not.” 

While the apprehension of phenomenal difference 
(which, however, may be, and in most cases is, replaced 
by its reproduction in memory) is the basis or pre- 
requisite of thought, thought proper, i. e., discursive 
thought, begins with the apprehension of identity amid 
phenomenal difference. Objects axe j>ereeived as differ- 
ent ; they are eonoevoed as identical by an attention of 
the*mind to their point or points of agreement. They 
are thus classified, the points of agreement, i. e., those 
properties of the objects of cognition which belong to 
them in common, serving as the basis of dassification. 
When the number of objects dastified is great, and 
some of these objects have more properties in’ common 
than others, a series of dasses is formed. The objects 


. t' 
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vfie first mvided into groups (called by the logicians ^ 
severally embrtufing such injects as are 
Chmacterh^.^ the greatest number of oonuhem pr^ 
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erties coijsiBtent \nth their difference; thera groups 
are then collected and distributed into higher groups or 
species haring a less number of properties in common, 
and BO on, until ve arrive at the least number of {irop- 
erties in which all the objects embraced in (Jtogia^ sub- 
sumed undef) the wfinm epedes and the intermediate 
specie^ agree, so as to characterize &e highest class, or 
vmnmuhi gmm. 

* From this it follows that, in proportion as we ascend 
the scale of classification from tlie infinm speoiea to the 
enm/mum genusy the number of objects embraced in the 
successive classes (species or genera) increases, while 
the number of characteristic properties decreases. iN'ow, 
the complement of properties characteristic of a par- 
ticular class is termed a eonoept; the number of objects 
denoted by each concept is called its exUm^ion or 
hreadth; and the number of properties (which, as con- 
stituents of a concept, bear the name of attributes) 
connoted by it its vniension, comprehension or depth; 
whence springs the law of logic that, the greater the 
extension of a concept, L e., the greater the number of 
objects denoted, the less its comprehebsion, i. e.,* the 
number of attributes connoted; or, expressed with 
mathematical accuracy, that the extension varies in ge- 
ometrical ratio inversely as the comprehension varies in 
arithmetical ratio.* * 

It is readily seen that the ascent from a lower (more 
comprehenrive, but less extensive) to a higher (more ex- 
tensive but less comprehensive) dass is effected by a 
progressive Sfgregation and id^ union of those attri- 
butes which the respective glasses have in common ; and 
this procesi is termed abstraction. 

. . *7or an exaiot Btatemeiit et tte bv b queatlon, see ProUsd!, Nene . 
derLo^Q^,tAgta<AnMilhen)aUadMr Anhii^ (tUrded.,'P.80ft), 
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In the sense of the foregoing ezpositioij, tliought 
proper has been defined as “ the* act of knowing or 
jud^ng of things by means of concepts,” * a concept 
bein^ “ a collection of attributes united by a sign and 
representing a possible object of intnition.”t This defi- 
nition of a concept, however, •is obnoxions^to criticism, 
as being either too wide or too narrow. It may be said, 
on the one hand, {o be too wide : for it applies to the 
total array of attributes constituting the mental repre- 
sentation of a single object, without reference to the 
question whether or not they are shared by any other 
object, as well as to the factitions selection or collection 
of attributes characteristic of a class, i. e., of a plurality 
of objects. In other words^ it is a definition of singular 
concepts (expressed by smgnlar terms) as well as of gen- 
oral cojus^ts (expressed by general terms, or, as Mill 
would say, class names). In the language of the old 
logicians, it includes infimae ^ecies, and may stand for 
any singular object or singular quality, irrespective of 
the fact or degree of its generality. This criticism 
would be avoided by defining a concept, with Sir Wil- 
liam iramilton,:( as ‘‘tiie cognition of the general char- 
acter, point or points in which a plurality of objecta 
coincide.” On the other hand, the word concept” is 
very generally employed in a sense for which Hansel’s 
definition ia too nampw. German logicians, for example, 
habitually designate not only every mental reproduc- 
tion tA a presentation of sense, in so far as it is or may 
he an element of a judgment or logical proposition, as 
a concept ifiegr^), but also the last result of any series 
of abetr^ons. And the 1^ results of abstracti<m, Ihe 

Hansel, Prole^mena Loc^, 22* 
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tfumma genera, arc e^claded by the definition of Man- 
eel. tt is neither necessary nor practicable here to at- 
tempt a minute discussion of the questions a^ng upon 
these divergences in the use of terms ; nor can? I stop to 
weigh the ob^'eetions recently urged by Tjuschinsky, 
Lotzo, Sigwart, Wundt and others to the theory of con- 
ception founded upon classification or subsumption. 
The conttoversics on this head between the logicians of 
tile old and those of the new school, as well as the in- 
terminable disputes between the nominalists and the 
conceptnalists to which so large a space is devoted in 
the writings of J. S. Mill ,* are in the main mere wars 
of words, and the points of disagreement are foreign to 
the investigation upon whiclM ^m about to enter. To 
one or two of these points I may have occasion to recur 
hereafter; for the present my brief summary »f the 
incidents of logical conception is to serve only as a clew 
to the meaning of certain logical terms 1 am con- 
strained to employ, whenever this meaning is not sufii- 
ciently apparent from the context. 

Kow, in any discussion of the operations of thought, 
it is of the utmost importai^ce to bear in mind the fol- 
lowing iirefiugable truths, some of which — although all 
of them seem^o be obvious — ^have not been clearly ap- 
prehended until veiy recent times: 

1. Thought deals, not with thlligs as tl^ey are, or 
are supposed to be, in themselves, but with our mental 
representations of them. Its elements are, not pure 
objeets, but their intellectual counterparts. What is 
present in the mind in the act thought is never a 
thing, but always a state or states of consciousness. 

However mdbh, and in whatever sense, it may be con- 

■ . ** ■*' 

*^ 01 MiU '0 Examination o| Sir William HamUton’s PhUosoph/, 



134 CONCEPTS OP MODBBN PHYSIpa 

te&ded that the intellect and its olpect are both real and 
distinct entities, it can not for a moment be denied that 
the object, of which the intellect has cognizance, is a 
[^thesis <K>f objective and subjective elements, and is 
thus primaril;)r, in the very act of its apprehension and 
to the full extent of its cognizable existence, affected 
by the determinatipns of the cognizing faculty. When- 
ever, therefore, we speah of a thing, or a property of a 
thing, it must be understood that we mean a product of 
two factors neither of which is capable of being a|^»e- 
hended by itself. In this sense all knowledge is said to 
be relative. 

2. Objects are known only through their relations 
to other objects. They have, and can have, no proper- 
ties, and their concepts can include no attributes, save 
these s^lstions, or rather, our mental representations of 
them. Indeed, an object can not be known or con- 
ceived otherwise than as a complex^ of such relations. 
In mathematical phrase : things and their properties are 
known only as functions of other things and properties. 
In this sense, also, relativity is a necessary predicate of 
aH^objects of cognition. 

3. A particular operatira of thought ne^er involves 
the entire complement of the known or khowable prop- 
erties of e given object, but (mly such of them as be- 
long to a definite clhss of relations. In mechanics, for 
instance, a body is considered simply as amass of de- 
tetmih^e weight imd volume (and in some cases figure), 
.tvithput reference to its other physical pr cheinic^'' 
p^bp^es, like mani^ each of the several 

: di^aadmi^ oi kncMet^^edecIs a (fiassification of <fi>- 
jeots it;^ its owh peetdi^ principles, thereby ^ying 
3^ b diffpri^tispries el (wnpepte in which 
attribdtd'j^ grottp'of 
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that aepeq); of the object — ^wbich it is necessaiy, in 
view of the question 'in hand, to bring into view. Our 
thoughts of things are thus, in the language of Leib- 
nitz, adopted by Sir William Hamilton, andoafterhim 
by Herbert Spencer, aymhdiodt, not (or, at least, not 
only) because)' a complete mental representation of the 
properties of an object is precluded by their number 
and the incapacity of the mind to hold them in .simul- 
taneous grasp, but because many (and in most cases the 
greater part) of them are irrelevant to the mental op- 
eration in progress. 

Again : the attributes comprised in the concept of 
an object being the representations of its relations to 
other objects, and the number^ of these objects being 
unlimited, it follows that the number of attributes is 
also unlimited, and that, consequently, there is po con- 
cept of an object in which its cognizable properties are 
exhaustively exhil^ted. In this connection it is worthy 
of mention that the ordinaiy dbctrinal statement of the 
relation of 'concepts to judgments is liable, to serious 
objection. A jud^nent is said to be “ a comparison of 
two notioiis (concepts), with a resulting declarationr of 
their agr^ment or ^sagifeement ” (Whately), or “a 
recognition df the relation of congruence or confliction 
between two concepts ” (Hanulton). Here it is assumed 
that the concepts preexist to the act of jud^ent, and 
that this act, simply determines the fact or d^ree of 
tbrir congruence or conjBiction. But the truth is that 
every concept is the result of a judgment, or of a s^es 
of judgments, the initial judgment being the recogni- 
tion of a relation bk^Mn |wo ilata of experience. In 
taost cases^indeed, a ^pd^ent is a collation of two 
eoncepts; but evmy synthlstiio judgment (i. e., every 
. in which th^.predicate is more than a mete 
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display of one or more of the attributes cqjanoted by 
the subject) transforms both concepts which it brings 
into relation, by either amplifying or restricting their 
resjj^ectivd implications.* When a boy learns that “ a 
whale is a mammal,” his notions, both of a whale and 
of a mammal, undergo a material changb. From the 
judgment of Thelmas Graham that hydrogen is a 
metal,” both the term “hydrogen” and the term 
“metal” emerged with new meanings. The announce- 
ment by Sterry Hunt, that “ just as solution is ^chemi- 
cal combination so chemical combination is mutual 
solution,” extended the concept “solution ” as ■well as 
the concept “ chemical combination.” 

It is apparent, from these considerations, that the 
concepts of a given object are terms or links in num- 
berles^series or chains of abstractions varying in kind 
and diverging in direction with the comparisons insti- 
tuted between it and other objects ; that the import and 
scope of any one of these concepts ^e dependent, not 
only on the number, but also on the nature of the relar 
tions with reference to which the .dassidcation of ob- 

* That this did not escape the at^Uon of William Uamilton, not- 
withstanding bis definition of a jul|^ent, appears from the following 
passage of bis Lectures on Logic (Am. ed., p, 84:i^*A concept is a 
Judgment ; for, on the one hand it is nothing but the result of a fore- 
gone judgment, or sedes of judgments, fixed and recorded in a word, a 
sign, and it is only amplified by the annexation of a new attribute through 
a continuance of the same process.” Among Qerman thinkers Qerbart 
had a clear view of the same truth. ** Die Ausbildung der BegrilTc,” he 
say# (L^hrbnch tar Psyoholegii^ § 189, Werke, toI. r, p. 180), ^ist der ' 
limgaaiae, allmaelige Erfolg des immer fort gehenden Urtheilena.” In 
caother place (fdL d., g ^8, Werke, ▼, 89) : ” Es fragt sich, ob die Begd^e 
Ifa. Streiagen ^s(^ Sinn ntdii i(|elmebr logtsche Ideale sden, denen 
ddbi Ihniken mdir und mebr aimaehoMi soil. . ... Es, 

wjrd slsh; dass die Urtheile es sInd, wodnrch die Be- 

grfflfe w mehr angenae|ert werden, dah^ de den l^ta- 
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jects is affected; tmd that for this reason, too, all 
thoughts of things are fragmentary and symbolic repre- 
sentations of realities whose thorough comprehension in 
any single mental act, or series of acts, is impossible. 
And this is true, a fortiori, because the ^relations of 
which any (ibject of cogftition is the entirety, besides 
being oipdlesB in number, are also Triable — because, in 
the lao^age of Herakleitos, all things are in a per- 
petual flux. 

Al} metaphysical or ontological speculation is based 
upon a disregard of some or all of the truths here set 
forth. Metaphysical thinking is an attempt to deduce 
the true nature of things from our concepts of them. 
Whatever diversity may Gkis^ between metaphysical 
systems, they are all founded upon the express or im- 
plied supposition that there is a fixed correspondence 
between concepts and their filiations on the one hand 
and things and their modes of interdependence, on the 
other. This fundamental error is, in great part, due to 
a delusory view of the function of language as an aid 
to the formation and fixation of concepts. Honghly 
stated, concepts are the n^eanings of words ; and'the 
dronmstanee that words primarily designate things, or 
at least objects of sensation and their sensible interac- 
tions, has given rise to certain fallacious assumptions 
which, unlflEe the ordinary infractions of i;he laws of 
lo^c, are in a sense natural outgrowths of the evolution 
of thor^ht (not without analogy to the organic diseases 
incident to bodily life) and maybe termed structural 
fallacies of the intellect. These assumptions are : 

1. That dveiy concept js the counterpart of a dis- 
tinct objectfre reality, and that hence then are as many 
&ittgB, or n^nral riasm of things, as then an concepts 
or.^tioss. * 
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. 2. That the more general or extensive concepts and 
the realities corresponding to tiienf preexist to the less 
general, more comprehensive concepts and their corre- 
sponding realities; and that the latter (H>ncepts and real- 
ities are derived from the former, either b j a successive 
addition of Httribntes or properties, or by<e process of 
evolution, the attributes or properties of the former 
being taken as implications of those of the latter. 

8. That the order of the genesis of conceptS'is iden* 
tioal with the order of the genesis of things. 

4. That things exist independently of and antece- 
dently to their relations ; that aU relations are between 
absolute terms ; and that, therefore, whatever reality 
belongs to the properties ofrthings is distinct from that 
of the things themselves. 

By |he aid of these preliminaries I hope to be able 
to assign to the mechanical theory its true character 
and position in the histoiy of the evolution of thought. 
Before I proceed to this, however, it may not be with- 
out interest, in connection with the preceding in<juiry 
into the relation between concepts and their correspond- 
ing .objects, to consider the question whidi has long 
been the subject of eager debate, whether and to what 
extent conceivabilily is a test of possible seality. It is 
contended by J. S. Mill and his followers, that our in- 
capacity of eonceivii^ a thing is no proof of its impos- 
BibOity ; while Whewell and Herbert Spencer maintain 
(tbop^ not strictly in the rame sense and on the same 
gi^ands) Hiat what is inconceivable can not be real or 
ttm* A trustworthy judgmmit on the merits of thib 

. * ^ pewiM tonn <4 of trath, vliidi he tenai tito 

FoAtbste^**!* tbe " InmiKSdTBbilil^ of the 0[i]K)dte.'’ . Bfe-, 

ta iobonoelvabla maigi be trae. BatfbuMnanh' Ss 
'<a(ivpitspoiilSim la As anrowtilm of Its oSDtcaAstilitTi 
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controversy can only be formed after a careful deter- 
minafion of the conditions of conceivabilityas indicated 
by the natnre of the process of conception which I have 
attempted to deseribe. * * 

It has been shown that all tme concep^on consists 
in the establishment of relations of partial or total iden- 
tity between the fact to be conceived and other known 
facts of* experience. The first condition of conoeiva- 
fiility, therefore, is that the thing or phenomenon in 
question be susceptible of classification, i. e., of total or 
partial identification with objects or phenomena previ- 
ously observed. * 

A second and very obvious condition of conceiva- 
bility is the consistency of &e plements of the concept 
to be formed with each other. It is clear that two 
attributes, one of which is the negation of the other, 
can not simultaneously belong to the same subject and 
thus bo parts of the same concept. 

These two are the only conditions which are direct- 
ly dedudble from the theory of conception, and may, 
therefore, with some propriety be termed theoretical 
conditionB. But there is a third, practical conditibn: 
the eonsisten^ of the itew concept with previously- 
formed oonod^ bearing upon the same subject-matter. 
As I have said, this is a practical condition — not so 
much a condition of conceivability*a8 of ready conceiv- 
abiliiy. For thetold concepts may be defective or erro- 
neous ; the very concept with which they confiiot may 
supplement or supplant, rectify or destroy them. 

How, it is easily seen that fulfillment of the first 
condition can not be a test of reality. Facta or phe- 
nomena ma^ present themselveB ^ observation which 
is ciqiavidaBt tkis ftoteiiwia tbiU wliatem n bioMMMlfsble 



140 


CONCEPTS OF MODERN FETSIQS. 


are wholly unlike any fact, or phenomenon theretofore 
observed, or. whose likeness to the prior data of Experi- 
ence has not yet been detected. The history of science 
is fall of* startling discoveries; every period of active 
research brings to light phenomena which are not only 
nnlooked-for, but withont ^parent analogy to other 
known facts. In view of this Liebig said : “ The secret 
of all those who make discoveries is that they regard 
nothing as impossible.” * 

Thus far, then, 1 agree with Mr. Mill. Bat I can 
not follow him when he also rejects compliance with 
the second condition as a criterion of possibility, and 
refuses or neglects to distinguish between the case of 
inconceivability by reason bf the apparent or real incon- 
gruity of a new fact or phenomenon with the data of 
past experience and the very different case of inconceiv- 
ability on the ground of inconsistency between the sev- 
eral elements of a proposed concept. He instances the 
concept “a round square” as one whidi we are unable 
to form, and alleges that this inability is due solely to 
the inveteracy of our experience. “ We can not con- 
ceive a round square,” he say8,t not merely beCaase> 
no such object has ever presented itself in our expe- 
rience, for that would not be enough. " Neither, for 
anything we know, are the two ideas in themselves in- 
compatible. To oohceive a body all black wd yet all 
white, would only be to conceive two different sensa- 
turns as produced in us simultaneously by the same ob- 
. jedir-'-A conception &nulw to our experienee— and we 
dhoullld. probably be as well able to conceive a round 
^ huti sqoan, or a hmiVy square, if it were 

■■■ - 'X •> ' 

-Tphf wimysilm. w 179 , 

; ' , otpfllr wmm HaiaBWa, V'^ 
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not tLat in onr xmifprm experience, at the instant when 
a thfng begins to round, it ceases to be square, so 
that the beginning of the one impression is insepafably 
associated with the departure or cessation of* the other. 
Thns onr inability to forin a conception always arises 
from onr being compelle^to form another contradictory 
toit.’’» • 

, Onr*inability to conceive a round square due to the 
fact “that in onr uniform experience at the instant 
when a thing b^ns to be round it ceases to be square,” 
and to the inseparable association between incipient 
ronndness and departing squareness ! Whether any one 
has ever had such experience as is here spoken of, I do 
not know; but, if he has,*! am confident that, even 
after being reenforced by a large inheritance of ances- 
tral experience in the light of the modem theory of 
evolution, it will prove insufficient to account for the 
inseparable association which Mill brings into play. 
The simple truth is, that a round square is an absurdity, 
a contradiction in terms. A square is a figure bounded 
by four equ^ straight lines intersecting at right angles ; 
a round figure is a figure bounded by a curve ; and the 
oldest d^nition of a curve is that of “ a line which is 
neither a straight line nor made up of straight lines.” 

Mill’s claim is, in effect, if not in Oxpress words, a 
denial of the validity of the laws of non-contradiction 
and excluded mMdle, or (as he himself would prefer to 
tiay) an assertion tiiat the fundamental laws of lo^c 
are, like all socalled laws of nature, mere experiential 
inductions, uniformity of e:i^rimioe being their onl^ 
murani But^ if these lawpare not absolutely and uni* 
xnrsally bintlii^ as constitutive principles of thought 
a^ spfBieeh — it the Mn|e thing may, at the same time, 
he and net he, and if its affirmation and denial are apt 

Vi ■ ■ » 
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Btrict alCernatiyes — we are fairly ^ded in tbe re^ons 
of litter nonsense, where all thinking is at an end and 
all kngnage withont meaning. The laws in question 
are principles constitntire of, becaifte they are tacit 
jconyentioni^preliminaty to, distinct thought and intelli- 
gible speech : and. they are lio more to be sospended in 
favor of Mill’s theory of inseparable assoeiatiomthan to 
be abrogated in fnrthenmce of Hegel’s dialeotid process. 

It ought to be said that there are expressions in the 
stCme chapter of Mill’s book, from which I have just 
quoted, which show that the author was very ill at ease 
in the presence of his own theory. For instance, he 
says : * “ Th^ things are literally inconceivable to us, 
bur minds and . our experience being what they are. 
Whether they would be inconceivable if our minds were 
the same, but our experience different, is open to dis- 
cussion. A distinction may be made which I think 
will be found pertinent to the question. That the same 
thing should at once be and not be — ^that identically the 
same statement should be both true and false — ^is not 
only inconceivable to ns, het m oaa not conceive that it 
comd he made conoemMe” 

How strange that sentences like these should come 
from the pen of John Stuart Mill 1 First he denies ' 
that inconceivability is, in any sense or in any case, a 
test of truth or r^ity ; but then he says it may be 
otherwise if the inconceivability itsell^is inconedvable] 
That is to say: a witness is utterly untrustworthy; bn^ 

■ when he makes a dechnation respecting his own trusb 
ubriy&e^ he ought to be believed ! 

TM ,^h(de fheoiy of inseparable association, as .here 
adtasM epplied by Mill, iB. Mmply ^roundiesB,’ it 
bex^ his. th^iyy to. .hnow .^e 

. ♦ pj, sft, , . 
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experience of his numerous readers has been, except 
agaia by experience which he can not have had, since 
most of these readers were utterly unknown to him. 
And all attemptj^ to aigue questions with ^y one on 
such a basis are supremely foolish, Hill being bound, by 
his own doctrine, to acce^ the answer, “ Ify experience 
has been otherwise,” as condusive. Mill’s theory is 
thus subversive of itself, and every* earnest sentence he 
has ever written is its practical refutation. 

In reference to the case of inconceivability just dis- 
cussed, and others analogous to it, it is to be observed 
that much of the perplexity and confusion which is 
characteristic of the disputes between Mill and his an- 
tagonists arises from the failure of the disputants to dis- 
criminate between purely form^ concepts and the men- 
tal representations of physical realities. There a very 
wide distinction between the relation of a concept to 
the object of thought in mathematics, for example, and 
the corresponding relation between a concept of a mar 
terial object and that object itself. In mathematics, as 
in all the sdences which are conversant about single 
relations or groups of relations establidied.(and, within 
the limits of the constitutive laws of the mind, 
rUy established) by the rnind itself, cminin concepts are 
exhaustive in the sense that they imply, if they do not 
explidtly exhibit, all the properties belonging to the 
object of thougl^ Mot only the constituents of such 
an object, but also the laws of their interdependence, 
bei^ determined by the intdlect, a single ccmcept may 
be expanded into a series of otiiers. Thujj, a parabola 
is a line every point in winch is equidistant ^m a fixed 
point and » given: straight line: that is one of its eon- 
ccptlb .^d ^ a& the properties of the parabola— 
a owfio sepridh. formed, by cutting » e«d6 
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allel to one of its sides, that the area of any one of its 
segments is equal to two thirds bf its drenmsraibed 
rectangle, etc. — are implied, and from it they may he 
dednced. ..One of its attributes is an implication of all 
the others. Onr concepts of material objects, on the 
contrary, as"I haye shown, are never exhaustive, for 
their complement of attributes is of necessity both in- 
complete and vaziaftle. To what strange vagaries this 
confusion has given rise in other departments of specu- 
lation we shall see in a future chapter. 

1 come now to the third condition of conceivability : 
the consistency of the concept to be formed with pre- 
vious concepts im, pari materiA. By far the greatest 
number of the cases of idleged inconceivability are 
traceable to a breach of fhis condition — ^to the incompat- 
ibility (jf new facts or views with our intellectual pre- 
possessions. Accordingly, most of the cases adduced 
by Mill in support of his theory are taken from this 
class. But he does not always apprehend their Ime 
character, and most of them are very imperfectly, if at 
all, accounted for by his theory. One of his instances 
is that of the denial, once all but universal, of the pos- 
ability of antipodes, on the ground of their inconoeiv- 
abflity. According to Mill, this inconceivability has 
now vanished ; we not only readily conceive them as 
possible, but know them to be real. This is true enough ; 
but it finds its explanation, not in the law of inseparable 
MBodation to which it is referred by Mill, bnt in the 
flaet.iiiat our ancestors held an ei^neons concept of ’ the' 
aetida of ferity. Hiey supposed that the direction . in 
ousted an^absolnte fiirection in sjaue; 
not. realize that itVas a directionit. toward the 
; domomoard to them meaD.t 
from Ibe, .sense we,, to. 


of gravity 
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that 'vron^ With this erroneous concept they conld not 
reconcile the fact that the force of gravity held our an* 
tipodes in position as well as ourselves ; nor can we. 
But we have a juster concept- of gravity, and the ihode 
and direction of its action; the spurious notion with 
which the ndtion of antipedes was inconsistent has been 
removal and the inconceivability of antipodes is at an 
end. • 

* Similar observations apply to another example 
brought forward by Mill: the inability to conceive 
00^ in distam^ to which extended reference has al- 
ready been made in a preceding chapter. This inabil- 
ity results from the inconsistency of this concept with 
the prevailing notions respecting material presence. If 
we reverse the proposition that a body acts where it is, 
and say that a body is where it acts, the incongeivabil- 
ity disappears at once. One of the wisest utterances on 
this subject is the saying of Thomas Carlyle (quoted by 
Mill himself in another place) : “ You say that a body 
can not act where it is not ? With all my heart ; but, 
pray where is it?” Of course, a reconstitution of our 
familiar concepts of material presence, in the sense hero 
indicated, would preclude the mechanical construction 
of matter fittm elements absolutely limited, hard, un- 
changeable and separated from each other by absolutely 
void spaces. . • 

It is hardly necessary to add that, generally speak- 
ing, the inconceivability of a physical fact arising from 
its incongruity with preconceived notions is no proof of 
its impossibility or want of reality. Intellectnal prog- 
ress consists almost Wholly^n the rectifioation or sn^ 
vi^on of did ideas not a few of which are held to be 
. Self-evident during long intellectual periods. The in- 
llready -dte^ apt illustrationB of 
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tilis ; and they may be camukted n^thont limit. Until 
the dificoTeiy of the composition of water, of the true 
theory of ciHnbastion, and of the relative affinities of 
jwtassinm tiad hydrogen for oxygen, it was impossible 
to conceive ^ substance whi<di would ignite on contact 
with water, it being one of tife recognized attributes of 
watmv-in other words, a part of the concept water — 
that it antagonized fire. This previous condbpt was 
spurious, and, when it had been destroyed, the incon- 
ceivability of a substance like potassium disappeared. 
Similarly, we are now unable to conceive a warm- 
blooded animal without a respiratory systbm, because 
we conceive the idiothermic condition of an animal 
organism to depend mainly on the chemical changes 
taking place within it, chief among which is the oxida- 
tion of the blood, which requires some form of contact 
between the blood and the air, and therefore some form 
of respiration. If, however, future researches should 
destroy this latter concept — if it should be shown that 
the heat of a living body may be produced in sufficient 
quantity by mechanical agendes, such as frictioir — a 
non-respiring warm-blooded animal would at once be- 
come conceivable. 

While thus a physical phenomenon, fiowever little 


we may be able to conceive it without violence to our 
familiar ideas, may bb real, it is otherwise in the domain 
the formal sdences, such as logic and mathemariea. 
t^ii^'wefind concepts founded upon fundammital poBt> 


i aadqmatic truths with which aU new concept^ ' 

he consiltmit. The fact is that, in the 
ii|iii^ C^.titoided space and time,tlm thM 

cmic^vh^ is at bottom id^ical wi& 
lintoch as there minor e^ce^ in^ : 
"ne 
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eompreh^nsive concept whose validity requires their 
consistency with eaSh other. All this is equally true 
of those purely formal concepts which constitute the 
theoretic^ basis ef some of the physical sciences* such 
as the general propositions of kinematics or phoronom- 
icB ; within the limits of 'their proper appfication they 
are au^oiitative tests of possihilityj And even among 
the physical truths based upon induction there -are 
Wny whose universality is so well established as to 
afford strong, if not conclusive presumption against the 
legitimacy of concepts and the reality of alleged phe- 
nomena which would invalidate them. 

The forcing discussion of the question of conceiva- 
bility as a test of truth is by*no means exhaustive. There 
are topics connected with it upon which it is not my 
province to enter. One of these topics is the qieciffca- 
tion of the conditions under which the inconsistency 
between the elements of a proposed concept becomes 
apparent. In many cases the inconsistency is latent 
and emerges only upon thorough exhibition of all the 
implications of tliese elements and their colligation — 
upon an explication which is familiarly known as 
dmetio ad edtsurdam. The procedure, in such cases, is 
in effect a reduction of the propositions into whidi the 
concept may be resolved to their last degree of homo- 
gendty, so that the conflict between them, if it exists, 
becomes explicit. The details of this subject, however, 
bdoHg to treatises on l<^c. 



CHAPTER X. 

f 

OHABAOTEB AND OBIOIN OF THE MECHANICAL fHBOBT.^ 
— ^IT8 EXEMPLIFICATION OF THE FIRST AND SEOOm> 
RADICAL EBROBS OF METAPHYSICS. 

It is the distinct claim of modem physicists that the 
mechanical theory rests on the sure foundation of sen- 
sible experience, and is thus contradistinguished from 
metaphysical speculation^ which is said (and, in the sense 
indicate^ in the preceding chapter, traly said) to be 
based on mere figments of the intellect. We have now 
arrived at a stage in our discussion where the validity 
of this claim may be examined. 

The mechanical theory postulates mms and motion 
as the absolutely real and indestructible elements of all 
forms of physical existence. Ordinarily these elements 
are designated as matter and foroe ; but this designa- 
tion is plainly inaccurate. The action of force upon a 
body, in the light of the mechanical theory, is simply 
the transference of motion from one body to another; 
foiH^, in the sense in which the word is here employt^, 
is nothing else than motion under the aspect of its actual 
dr posiribld transference. And its necessary comple- 
fhdtii or, rather, its essential correlate— that which 
trouM if a body were divested of eveiything 

that is i foma of force, or mode of motion— is not 

that motion in it^ ii^ nc^ gend 'can.. 
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not 1)6, ai} object of Bensible experience. We have ex- 
periential knowledgS of moving bodies, but not of pure 
motion. And it is equally clear that mass— or, to use 
the ordinary term) mert maMer, or maMer per ««-i-can 
not be an object of sensible experience. Things are 
objects of sensible experience only by viAne of their 
action jj.nd reaction. As Leibnitz said, “ Whatever does 
not act* does not exist” — quod non agU,non exietU. 
Hass ismothing whereof the senses have direct cogni- 
zance ; it is not presented to them either as Volume, or 
as solidity, or as impenetrability. The only knowledge 
we have of mass is derived from the fact that different 
velocities, or accelerations, or changes of motion, are 
prodnced in different bodieB (wUch may be of the same 
volume and of the. same degrees of solidity and im- 
penetrability) by the action of the same force* or the 
transference of the same motion. Apart from the 
atomic theory, mass is but another name for inertia / 
and this is known, measured, and determined solely by 
the amount of force or motion which must act upon, or 
‘be communicated to, a given body in order to produce 
in it a determinate velocity, or, more accurately \nd 
generally, a determinate rate of acceleration or deflec- 
tion. Withdnt its relation to and union with force 
or motion, it has no existence, jnst as force or motion 
has no existence without its relatioti to and union with 
ine:H;ia. The reality of either presents itself td experi- 
ence as well as to thought only by means of the other. 

The truth is, that neither mass nor motion is sub- 
stantially real, but both are concepts, or, rather, con- 
stitnehts of a concept — ^the (Concept maiter. They are 
i^thnatS pAdnets of generalization — ^the intellectual 
’^rsbing^nts of the lines of abstraction which pro^ 
jflm v^meS of sensible experience. 



150 


OONCEFTS OF MOOEBN PHTSICa 


Matter is tlie eummvm giitv* of the classif^tion of 
bodies on the basis of their physical and chemical ^rop> 
erties. It is not, therefore, a real thing, but the ideal 
coin;^lemeDt of two attributes belongiug to all bodies 
alike. The two attributes are inseparable, not only in 
fact, but also* i \ tlionght. When, in ascending the scale 
of ciasBiiicatiou, we, have progressively disinissei^ from 
our mental representations of the several physical ob- 
jects all the attributes whereby tlioy differ, we reach at 
last two attributes wherein they agree, and which can 
not be sundered witliout transcending the limits within 
which the conception of physical reality* is possible. 
They are both indispensable components of the highest 
concept under which ^y form of physical existence 
' can be subsumed. 

From this the true character of the mechanical the- 
ory is at once apparent. That theory takes, not only 
the ideal concept mattery but its two inseparable con- 
stituent attributes, and assumes each of them to be a 
distinct and real entity. And this identification of con- 
cepts with real, sensible objects, this confusion of ab- 
stradtions with things, is one of the old fundamental 
errors of metaphysical speculation. It is the first of 
the fallacious assumptions of metaphysics enumerated 
in the last chapter.* The mechanical theory, in com- 
mon with all mctajJhysical theories, hypostasizes par- 
tial, ideal, and, it may be, purely eonvcntional groups of 
attributes, or single attributes, and treats them as varie- 
ties of objective reality. Its basis, therefore, is essen- 
tially metaidiyBioal. The mechanical theory is, in &et, 
a survival of medieeval realism. Its substantial elements 
are logical descendants of the 

mte tem and tin rs of the schohstics, differing from 

• Stfrey p. m. 
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lliem, at jnost, in thif^ tiiat they are Buimnits of abstrac- 
tion *^ached by aiHienta along gradations of sensible 
properties ascertained by ol»ervation and experiment, 
and not escalades of the misty heights o£ traditional 
predicables representing early, cmde, and vague fancies 
of the hnm£n intellect. • '* 

Th^ metaphysical charactm* of jlte mechanical the- 
ory apffrears, however, not only in its adoption of- the 
first of the fallacious assumptions of all metaphysics, 
according to which each concept is the counterpart of a 
real thing, but also in the second of these assumptions, 
which is, atpl have said,* that the more general or ex- 
tensive concepts, and the realities corresponding to 
them, preexist to the less general and more comprehen- 
sive concepts and their corresponding realities, an^ that 
the latter concepts and realities are derived |rom the 
former either by a successive addition of attributes or 
properties, or by a process of evolution, the attributes, 
or properties of the former being taken as implications 
of those of the latter. 

In the leading metaphysical systems, the order of 
reality is completely inverted. The mmma gmera of 
abstraction — ^the highest concepts — are deemed themost, 
and the dats of sensible experience the least real of all 
forms of existence. The ground of this fancy is that 
the fcHuner, which include the properties common to all 
things, are assumed to con^tute their substance, i. e., 

permanent, invariable substratum of the properties 
. by which particular things are distingniriied, these 
being regarded, by reason of their variability, as m^ 
-aoddiats'. Acco^ng to ^e'ldder.view of the relation . 
.'bf tbe aedrients to the substancey or of the riiaraeteriat^ 

; llbtMEs of &e lower to those of higher eonoq^ 
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the inferior concepts or rcalitios are formed, by a sac* 
cessive addition of attributes or pro^rties to the Ifigher 
concepts or realities ; the varieties of objective reality 
are Uirid to>be due to a synthesis of 8iri)stanoo and acci- 
dents ; and this view may, therefore, be called the syn- 
tA^ie view, xn contrast to riiis stands th% later, ana- 
lytical view, proseijited in evolntionary or pantheistic 
systems in wliich the lower conceptual or real fdrms are 
supposed to be contained or implied in the iiigher 
forms and to be derived from them by processes of evo- 
lution or development. All this has its exact analugue 
in the mechanicdl theory. Forty years ago the creed 
of an ordinary physicist was something like this : Pri- 
mordially there existed,, thrdttgh an act of creation or 
from all eternity, myriads of hard and unchangeable 
material particles. There also existed certain forces 
equaUy unchangeable, such as the forces of attraction 
and cohesion, heat, dectric, magnetic, chemical forces, 
and so on. To the constant or variable, partial or con- 
current action of these forces upon the material parti- 
dee are due all the phenomena of physical reality. In 
this tiction the material particles are the passive and the 
forces the active dement ; but these elements, of course, 
pre&dst to tlio action. Matter in itself is jiassive, dead ; 
all motion or life is cansod by force; and the only 
possible solution of the problems of physiology, no less 
than those of physics and chemistry, consists in iho 
enumeration of tlie forces acting upon the material 
parrides and in the exact quantitative determination of 
the effects produced by their action. 

In the main this oreed^s evidmitly a reproduction 
c£ the dd synthetic view of metaphysios. * And it is 
giadnslly giving vra.y to a new doctrine which is rimi- 
larly a reproduction of the metaphysical sequsl which 
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‘I Imre twrmed the i^^jtical or evolationaiy view. The 
recent theories of &e corrdotion and mutual converti* 
bilily of forces, as part of the principle of the cpnser- 
vation of ehei^, have shaken, if not destroyed, the 
notion of a multiplicity of independent original forces ; 
and, moreover, physiolo^ts like Du Bois-Beymond 
recog]^ force as the invariable concomitant, if not as 
j;he esrantial attribute or primary quality, of matter, 
asserting that to every constant primordial mass belongs 
a constant primordial quantity of force, and that all 
the transfonnations of matter are produced by a differ- 
entiation o^ this primordial force. From this the sug- 
gestion is natural that all ^the varieties of physical ex- 
istence were potentially contained in and have been 
gradually evolved from matter in general, or matter 
per w. • 

In August, 1874, Professor Tyndall, then President 
of the British Association, delivered an inaugur^ ad- 
dress at a meeting of the Association at Belfast, in which 
he made the following dedaration : 

Abandoning all disguise, the confession that I 
feel bound to make before you is that I prolong the 
vision backward across the boundary of the experimen- 
tal evidence,* and discern, in that matter which we, in 
our ignorance and notwithstanding our professed rever- 
ence for its Creator, have hitherto covered with oppro- 
brium, the prom^ and potency of every form and 
quality of life.” 

' Tl^ announcement gave rise to a comihotion whit^ 
■wus .hardly justified by its tenor* . For the solemnity of 
, tl^' avowal was somewhat out of proportion to its nov* 

w;ere little more than a new 
an old ti^ght of FmdB Bacon, who said^ 
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“And matter, vhatever it is, ii\iist be held to be so 
adorned, fornished, and formed, that all virtue, essaoce, 
actio^ and motion may be the natural consequence and 
emanation therec^.”* 

And the,aame thing had been repeated, many times 
ffiince, by the metaphysical et^olutionists, in terms sub- 
stantially like those<of Schelling : “Matter is the gen- 
eral seed-corn of the \uiivei'se wherein everything is in- 
volved that is brought forth in subsequent evolution.” f 

Nevertheless, Tyndall’s statement is memorable and 
significant as indicating the changes which the mechanical 
theory is undergoing in the minds of modeAi physicists. 

Tyndall is one of the most strenuous advocates of the 
at6mo-meehanical theory and a persistent stickler for its 
dominant features. '\^en he speaks of matter, he 
means definite group of distinct and reid atoms or 
molecules. “Many chemists of the present day,” he 
said in another address (also delivered before the British 
Association, at Liverpool, and republished by him 
shortly before the Belfast meeting:];) “refuse to speak 
of atoms and molecules as real thin^. Th^ caution 
leadfi them to stop short of the clear, sharp, meohani- 
cally-intelligible atomic theory enunciated by Dalton, or 
ftny fom of that theory, and to make th% doctrine of 
mnlti^e proportions their intellectasl bourn. I respect 
the caution, though 1 think it is hero misplaced. The 
chemists who recoil from these notions of atorhs and 

* “4^ mamda iturferia tmUa tftfpa- 

adtm atgne metat mOatalk ffm 
e MMMSio em ptmU,” Bmo, De Ftine. st^oe. Origgi, dpp. 

; dsv: KShu^ SIS. .1. '-‘flf . 
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moleenles*acr'6pt wi^oat hesitation the undulatoiy the* 
017 of*light. Like yon and me, they one and all believe 
in an sethor and its light-producing waves. Let ns 
consider wliat thft belief involves. Bring ybnr imagi- 
nation once more into play and figure a scrips of sound- 
waves passing through aih Follow them up to their 
origin, and wliat do you there find*? A definite, tan- 
gible, vihratiug body. It may be the vocal chords of a 
human Being, it may be an organ-pipe, or it may be a 
stretched string. Follow in the same manner a train 
of sethor-waves to their source; remoinboring at the 
same time tUht your ether is matter, dense, elastic, and 
capable of motions subject to and determined by me- 
ch^ical laws. What, then* do .yon expect to find as 
the source of a series of ssther^waves % Ask your imagi- 
nation if it win accept a vibrating mnltiide proportion 
— a numerical ratio in a state of oscillation.* T do not 
think it will. You can not crov^i the edifice by this 
abstraction. The scientific imagination, which is here 
authoritativo, demands as the origin and cause of a series 
of aether-waves a partide of vibrating matter quite as 
definite, though it may bo excessively minute, as that 
which gives origin to a musical sound. Such a particle 
we name an fitom or a molecule. 1 think the seekiug 
intellect, when focused so as to give definition without 
penumbral haze, is sure to realize this image at the last” 

* When l^ndall mote thle he probably had before Um W. E. Clif- 
ferd’a ledture ddivered before tbe Beyal InsOtiitloa in 1867, In wbioh 
ooenrred tbto peetige* "fo order to exphdnihe phenomene of light, U ie 
not neoenaiy to nenune enytUng more than a petioffiod oed l lathm be> 
tmen two atatee at way given pednt gf qMoe.” (ClUbrd’e Iieetnree and 
Eiiaye, voL i, p.»68.) Or die enggeedon may beve been taken from J. 
S. who, in a note to diaptw niv, book iti, of hie I«gi^ referring to 

oertdn obeemdoM Of Dr. IJHiewell, ehnieoteiiaee the impoodetable 
UdivT M aiJP^^undiilttliog 
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The plain import of these sentences is, that an sethe- 
real or other atom or molecule is related to itsviSratory 
motion just as any ordinaiy body is related to its move- 
ments of translation — ^as a stellar or jfianetary body, for 
instance, is ]:elated to its movements of rotation or revo- 
lution ; ana that just as the conception of the stellar or 
planetary body of necessity precedes the conception of 
its rotatory or revolutionaiy motion, so also theS concep- 
tion of the atom or molecule of necessity precedes the 
conception of the vibratory motion whereof light, heat, 
electricity, chemical a(*tion, etc., are known, or supposed 
to bo, modes. In other words : to make the existence 
of matter, such as we deal with in action and in thought, 
conceivable, we are copstrained, according to Tyndall, 
to assume ultimate material particles as preexisting to 
those motions or manifestations of force which are ap- 
prehended as light, heat, electricity, ohcmical action, etc. 
And what is true of the concept is true of the thing. 
The thing must 5c, before it can act or be acted upon, 
agmeably to the old maxim : Ojperem seqwUm* eaee.* 

* It requires but litUo reflection to see that the realisation of definite 
atomh or molecules, susceptible of, but prebxisting to motion, in the 
focus of TyndallN ** seeking intellect is sheer delusion. Let us, for a 
moment, contemplate an ultimate particle of matter in its state of exist- 
ence in advance of all its motion. It is without color, and neither light 
nor daik ; for color and lightness are, according to the theory of which 
Tyndall Is a distinguished Champion, simply modes of motion. It is simi- 
larly without temperature— 'neither hot nor cold, rinoe heat, also, is a 
mode of motion. For the samo reason it Is without eiectrio^ maguetio 
and obemical j^mperties— in short, it is destitute of all those qualities In 
Tlrtne of whiel^ irrespeetive of its magnitude, it could be an appreciable 
objeet of sense, unless we except the properties of weight and extension. 
Sot weight is a mere play of attry^ve forces ; and extension, too, Is 
known to ns tmbr as resfstaiuie which, in turn, is a manitotation of force, 
a phase of motion. Thus the difficulty In gnsping these primordial 
ihingis lies, not In tbetr oxoessire mbuiteqpss, but in,thelr total destitn- 
tion of quality. The solid, tangible reality oraved by l^ndaUti^^identfile 
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riew, proseptod by Tyndall in liie Liverpool 
address, is the old synthetic notion of metaphysical re- 
alism. The atoms or molecules are the substances exist- 
ing in advauce o^their different modes of motion v^iich 
are snperin^ced or added to them as tlujr accidents. 
But in the Belfast addresi tliis view is (unconsciously, 
no doubt) so modified as to shade into the evolutionary 
(V analytical aspect. Matter is now said to include or 
involve even the forms and qualities of life at the outset 
— ^to contain them, if not actually, at least potentially — so 
tliat they proceed from it by spontaneous development. 

That all attempts to construct physical phenomena 
by a synthesis of hypostasized conceptual elements, un- 
der the first or synthetical view, are futile, in physics 
no loss than in metaphysics, is now sufficiently evident 
upon considerations variously presented. Whe^r these 
elements be mibstanee and cuaulent^ or matter and force, 
they are equally unreal, and no reality can be produced 
by their adjunction. And the fancied evolution of 
things, or lower, more comprehensive concepts from 
higher, more extensive concepts, in conformity with 
the second, analytical view, is also found to be delusive 
upon simple reference to the nature of the process of 
conception, higher concepts are formed out of lower 
concepts by the omission or regection of differential at- 
tributes ; and there is nothing, cer&inly, in this l(^cal 
process from which it can be legitimately inferred that 
the rejected attributes are contained or implied in those 
that are retained and in whose union the higher con- 
eepts consist. 

• 

imagliuitioii” hm ^ nM and wholly Taniahes 

from tbe ^aoeldog Intellaot,** tli« moment this intelleot attempts to aeiia 

it npart from the notloii whieb is said to pnauppOM it as Its seooisaiy 

Stthetritimf _ ^ 

0 2 • 
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It is needless to saj, I trust, that this nowise affects 
the validity of theories of evolution within the dcunaius 
of real physical existence in their application to organic 
(and,' within limits, to inoiganic) forms. Questions of 
derivation t^d descent, and of organic and functional 
differentiatidn and distribution, are questions of fact to 
be determined in accordance with the data of observa- 
tion and experiment. . Mod% of existence may be g/f 
netically connected, though there is no mutual implica- 
tion of them, and though no form of physical reality is 
legitimately dedncible from a concept. Aristotle’s dic- 
tum, iK Be r&p vorfr&v oii^ yb/erai, /uyeSo^ has a fuller 
meaning than that assigned to it by his scholastic dis- 
ciples : things are not ]>om‘of concepts. And, as will 
appear still more clearly in the next chapter, the filia- 
tion of eoncepts is not at all identical with the filiation 
of things. 

The errors of evolutionism in its confessedly meta- 
physical forms (exMbited in numerous hylozoic and 
pantheistic doctrines) are more glaring, it is true, than 
those of materialistio earolutionism. It is characteristic 
of many of the most pnominent metaphysical systems 
that the atmma genera vrhich .serve as the basis of evo- 
lution are readied by leaps into vacuity’ b^ond the 
boundaries of Intimate generalisation. Thus Hegd 
evolv^ all things from pure Bdng^ which, as he him 
. self iBRya, is wholly devoid of attribnteB--a mere logicd 
^httotopi conjured up by a forced rejection of the last 
nttdhttteftlhnteaAhe oonstitutivn of .the 

datudfieaiSohof phentmmia whatever.* 

ibe tovaSstlwef "eislMih b'' 
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phantom^ as Hegol expr^ly declares, is not to be dis- 
tingni^M from, aftd therefore identical with, pnre 
IfotMng ; and for this reason some of Hegel’s intel- 
lectnal descendants — ^DeUingshansen, Hohmar, Werder, 
George and others — ^have boldly undertaken to deduce 
the phenomenal world frpm the alleged dbncept Noth- 
'ing or ^iero. The same attempt is made by other meta- 
physicians in whose systems the initial blank appears 
hnder various disguises — by Schopenhauer and Hart- 
mann, for instance, whose germinal principle is an im- 
personal will, a concept whose attributes are contradic-. 
tory of eacbaother, and which is, therefore, as void as the 
pseudo-concept Nothing. The most imposing among 
the disguises of the substantial Nothing as the fountain 
and origin of all phenomenal existence are The Abso- 
lute and The Thing per ee, both of which axg denials 
in terms of all possible relation, and thus negations of 
all possible attributes, inasmuch as every attribute is 
essentially a relation. But, although such concepts as 
matter and force are somewhat lees hollow than &e 
pseudo-concepts of current metaphysical speculations, 
they are not less unavailable as starting-pointB fo» the 
evolution of concrete physical realities. 

like all 4tnetaphyeical theories, the mechanical the'‘ 
ory, by its identification of concepts with things, has 
given rise to a number of false anta^nisms uid ground-* 
less discussions. One of the most noted controversies 
of the time is that betwe^ the 'champions of the me- 

x^tion of identity,. incloBion or coexietence enboists between two 
ttltfibutee, or between an attribute end a group of attributes. It is a 
mere abstra^ line <citr pair of lines) pointing from the ^eric to tlie 
t£ii|iMit'ra.l CbUBtitueifte of a oon^bpt “!E^re Being" is simply the 
jipeOteFOf ibe tSipnlabet^eoen an extinct sulgeet and departed predicate.^ 
lit fe a aign of predieatioa 'whidh “ lags supi^uous on tlie " aftw 
irbereofitWptedlcatadlui^^^ 
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ohanwxd or eorpuacida/r theory of matter, who assert 
that it is a real thing independe'nt of foro^ and the 
defenders of the dynamioal theory, who maintain that 
material particles are mere centers or^spheres of force. 
The corpuscular doctrine is held by the majority of 
physicists i){ common with lordinary men, while the 
dynamical view— originally the outgrowth of me^phys- 
ksal speculation — >has been broached, on gronrds that 
are alleged to be non-metaphysical, by Boscovieh, Anl- 
pdre, Faraday, and many others. Faraday’s opinion is 
concisely stated by Tyndall : * “ What do we know of 
the atom apart from its force ? Ton ima^e a nucleus 
which may be called a, and surround it by forces which 
maybe called m/ to my mind the a or nudeus vanishes 
and the substance consists of the powers m. And, in- 
deed, what notion can we form of the nudeus indepen- 
dent of its powers 2 What thought remains on which 
to hang the imagination of an a independent of the ac- 
knowledged forces?” 

When Faraday reasoned thus he was probably una- 
ware that he but reproduced old reflections of Aristotle f 
^hisih have since found frequent expression in the writ- 
ings of modem thinkers,^: of which the following may 
be taken as an example : < ' 

<‘It is a mere delusion of the phantasy ..that some- 
thing, we know not* what, remains after we have de- 
nude an object of all the predicates bdon^ng to it.’”^ 

♦ Faraday aa a IKsoorerer, Am. ed., p. 128. For Faraday's own 
• StalteM lid viow, see Ua "Speoulation touohing Electric Oinii'. 
' ducHn^ ajid the . Nature' of Hatter,” FbiL Hag., ecr. Ki, vol. . xilv, 
.'jK.iaij.- 

f ]^i|i«B. etCormp^E,l, 8,4,'il; Hei,iii,5; rt, 1. 

' f ^;L a. IkmIm, Eway on Humaa lladcretaading, book fi, dkaptm 

' ftiul 
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The antagonism thns presented is utterly baseless, 
liatter can no mord be realized or conceived as mere 
passive, spatial presence, than as a concretion of forces. 
Force is nothing 'without mass, and mass is nothing 
without force. Just as the metaphysician can not con- 
ceive the “ tihing ” or substance apart front its proper- 
. ties, or, conversely, the properties apart from the sub- 
stance, «o the physicist can not grasp matter (i. e., mass) 
'^thout force, or force without matter. Mass, inertia, 
or matter per «s, is indistinguishable from absolute 
nothingness ; for mass reveals its presence or evinces its 
reality only* by its action, its balanced or unbalanced 
force, its tension or motion. And, on the other hand, 
pure force is equally nothing ; for if we reduce the mass 
upon which a given force, however small, acts, to its 
limit zero — or, mathematically expressed, until it be- 
comes infinitely smsdl — the consequence is that the ve- 
locity of the resulting motion is infinitely great, and 
that the ‘Hhing” (if under these circumstances we may 
still ^eak of a thing) is at any given moment neither 
here nor there, but everywhere — ^tbat there is no real 
presence. It is impossible, therefore, to construct mat- 
ter by a synthesis of forces. And it is incorrect to say, 
'with Bain,**that matter, force, and inertia, are the 
three names for substantially the same fact,” or, that 
“iovs^ and matter are not two things, but one thing,” 
or, t that force, inertia, momentum, matter, are all but 
one fact,” the tiuth being that force and inertia are 
conceptual integrants of matter, and neither is in any 
proper sense a fact. 

mM thtm dU tbmgm ^wStiate die et hett, Mmeegffeiiommm Aot, 

ewA jibeae, Hum M/eim nUit me, von tkn merueelciteiie." SdwUfaigi 

Uew, et«», ^. 18 . , . 
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The radical fallacy of the corpuscular as well as of 
the dynamical theory consists in the delusion that the 
conceptual dements of matter can be grasped as sep- 
arate andrreal entities. The coipuscalar theorists take 
the element of inertia and treat it as real by itself, 
while Boscc Tich, Faraday, and all those* who define 
atoms or molecules as “ centers of force,” seek^to real- 
ize the corresponding dement, force, as an entity by 
itself. In both cases products of abstraction are mis- 
taken for kinds of reality. 

A satisfactory examination of the conceptud terms 
inertia and force, and of their true implioations, is im- 
possible here without anticipating considerations that 
properly belong to the following chapters. The essen- 
tial correlation of ineAia with force is evinced by its 
earliest definitions. Kewton expressly speaks of iner- 
tia as' of a force. “ There is inherent,” he says,* “ in 
matter a force, a power of resistance, in virtue of which 
every body, as far as in it lies, perseveres in a state of 
rest or of uniform rectilinear motion.” In the defini- 
tion sinoe Newton’s time, this mode of expression has 
usually been discarded. Young f defines inertia as *^the 
incapability of matter of altering the state into which 
it is put by any external cause, whether 4hat state be 
rest or motion ; ” and, similarly, Whewell,J as “ the 
quantity of maMer considered as resisting the commu- 
nication of motion.” All these definitions imply, how- 
evjsr^ that the forces moving a body or a particle as a 
wjh<dfi axe ifeictly and absolutely ext^aneoiiB forees. 
lA ,tiu» ^iguage of Newton,* force is in^prmeA npoh 
« aad exeri^ its state of iiW 
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Then| is little difficulty in understanding how the 
disjunction of matter and force and the etymological 
import of the word inertia” led to the assumption 
that matter is essentially passive, or, as it u^comiAonly 
expressed, dead. When a body is considered by itsdf 
— conceptusSly detached from the relation^ whi(^ give 
rise to^ts attributes — ^it is indeed inert, and all its ac- 
tion comes from without. But this isolated existpuce 
of a body is a pure fiction of the intellect. Bodies 
exist ^solely in virtue of their relations ; their reality 
lies in their mutual action. Inert matter, in the sense 
of the mechfuiical theory, is as unknown to experience 
as it is inconceivable in thought. Every particle of 
matter of which we have ^y knowledge attracts eveiy 
other particle in conformity to the laws of gravitation ; 
and every material element exerts chemical, ^ectrical 
and other force upon other elements whidi, in respect 
of such fojoe, are its correlates. A body can not, in- 
deed, move itself ; but this is tame for the same reason 
that it can not exist in and t)y itself. The very pres- 
ence of a body in space and time, as well as its mo- 
tion, implies interaction with other bodies, and there- 
fore aetio m distems; consequently all attempts to 
reduce gravitation or chemical action to mere impact 
are aimless and absurd. 

Physicists are perfectly a'vrarek that the sense com- 
monly attadmd to the word vneriia in its application to 
matter is spurious. “ The .incapacity of all material 
points,” rays H. Pmeson, “ to put timmselves in mo- 
tion, or to chasige the moti<m which has been commu- 
xdeat^ to them withpnt aid of a foree^ is what 
cons^tes'the inertia of matter. Thk word does n(4 
si^ga^ tirat miditer is hua^ble td action i <ni the co^ 

at i^timra finds the prin- 
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dple of its movemeut in the action of other points, hut 
never in itself.” * 

In spite of statements like this, however, and not- 
withHtandvig the clear apprehension, J)/ leading physi- 
cists, of the true import of the doctrino of inertia, the 
phantom of ’’^dead nuitter” incessantly obtrudes itself 
anew as the basis of cosmological speenlations. , Thus, 
Professor Philip Spiller, the author of a very»Borviee- 
able manual of physics, and a prolific writer on seieii- 
tific subjects, some years ago published a cosmologi- 
cal treatise, t whose theorems arc foiuded on tlie express 
proposition tluit “ no material constituent of a body, no 
atom, is in itself originally endowed with force, but 
that every such atom is absolutely dead, and without 
any inliorcnt power to act at a distance.” It appears 
from thg further contents of this treatise that he not 
only denies force to the atoms taken singly, but that 
ho also denies the possibility of their mutual action, 
no is driven, tliorefore, to the assertion of tlie inde- 
pendent substantiality of force ; and, accordingly, he 
assumes force to bo an all -pervading material 

presence — as he terms it, an incoqmreal matter (nn- 
koerporlicher Stofi). In utter disregard of the funda- 
mental correlation of force and mass, Spiller identifies 
his force-substance with the omniforons ssther, so that 

f 

* ** PiioposslbilHid oi^ son! tons les points mat6riel8 do sc mettre en 
Qomrement on do ebanger Ic moarement qui leur a 6td oommunlqud, 
sans lo seconrs d*nno force, cst cc qn’on entend par Pinertie de la mat!- 
Ge mdt no signifio pas qoe la matibre soit incapable d*agir ; oar, an 
eontralie, chaqne point matdriel troure toujours dans I’action d’autres 
points tnatdriels, caais jamais en Ini mdme, le principe de son monve* 
ment.” IMssoa, Traitd de Hdeaniqab, Ut. ii, ebap. i, 110. 

f Dm* Weltai^r sIb kosmisobe Kraft. Berlin, Denickei^s Yeiilag, 
IS1$. 

|jCoe. eAL, p. 4s 
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this lijpostasized half-concept, which, in the view of 
all other physicists, Is not only imponderahle, bat des- 
titute of cohesive, chemical, thermal, electric, and mag- 
netic forces (whieh, indeed, vmtA be destitute of llhem 
if it is to stand as the mere substratum of these vari- 
ous modes bf motion), and is, therefor^ still more 

dead,y if possible, than ordinary matter, now sudden- 
ly, without changing its name, and without ceasing to 
ije the Substratum of luminar or other undulations, 
comes, to be the very quintessence of all possible en- 
ergy. 

Frofesson SpiUeFs speculations are a strange revival 
of the well-known dreams of Kepler, who imagined 
that the planets were bomd and carried along in their 
courses by an “immateriate species” {species immate- 
riaki) capable of overcoming the inertia of J)odies.* 
Kepler’s “immateriate species” is the same wooden 
iron which Spiller exhibits under the name ‘‘incorpo- 
real matter,” the only difference being that the absurd- 
ity of Kepler’s chimera was less glaring in the hazy 
dawn of the medianical notions of his time than the 
extravagance of Spiller’s conceit in the light of* the 
scientific atmosphere of our day. 

'What possible part Spiller’s dead matter could per- 
form in «iy cosmological scheme, it is difficult to see. 
Unchangeable partides, destitute of gravity and all 
otheir fome, even if the action of force upon them were 
conceivable, must be equdly acted upon from all sides 
by the omnipresent sether, and could not, therefore, in 

* “Bolinqiiititr igttnr, at qaeaiiadmodam hiz omnia terrcna Uiostrans 
ipodM eit immateriata ig^ {llhn,Aai eat la oorpore Solia: ita Tirtna 
■ luBC, plaaetarum corpora cmaplna et Tehens, ait apedea Immaterlata 
.c]aa rktotii^ qnea. in i^ Sofo reaidet, faueatlmabiHa vigoria, adMipie 
aolaM Iffiama onmta mo^ etc. Kepler, De Modbna .Stolto 

Itla^ pMf tertia, cq). ; Eapleri 0pp., ^ % P* 
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my way help to establish diSereuoea of density, or othei!' 
^fferences not contained in, or*eTolvable frotn, the 
SBther itself. They could not even add to the extension 
of a'body,«much less to its hardness, Ifeing wholly with- 
out the power of resistance; but, waiving this, and 
granting that extension without resistandh is possible, 
they would simply Jbo bubbles of void space encysted in 
the universal sether, and to the differentiatioif of this 
eether alone all the phenomena of the material world 
would be due. 

The prevailing errors respecting the inertia of mat- 
ter have naturally led to corresponding dSlusions as to 
the nature of force. Here we are met, m limine, by 
an ambiguity in the meaning of the term force in phys- 
ics and mechanics. When we speak of a 4 ^* force of 
natnre,’Vwe use the word force in a sense very different 
from that which it bears in mechanics. A “ force of 
nature,” is a survival of ontological q>ecnlation; in 
common phraseology the term stands for a distinct and 
real entity. But, as a determinate mechanical function, 
force is simply the rate of change of momentum — 


mathematically expressed, the diffmential of momen- 
tum at a given instant of time. “Momentum,” says 
Mr. Tait,* “is the time-integral of force, liecause force 
is the rate of change of momentum.” In the canonical 
text-books on physies, force is defined as the cause of 
mptibn. “ Any cause,” says Whewelht which moves 
jio move a body, or which changes or ten^ to 
ite inbtimi, is called foiree.” So Clerk Max- 
! “ Borce is whatever chai^ies or tends to 

the a body hf ^teiing effher its direction or . 

itif ; Far greater insist into the nature 6t 

ta PlugM^Bdowe, Sqi(Nm4 si, 

, ; 'f.tftswy.sf ;■ -ii':''; 
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force is ejdiibited in the definition of SomofE, though 
the wbrd “cause” u retained: “A material point is 
moved by the presence of matter without it. This ac- 
tion of extraneous matter is attributed to a cause w4iidi 
is named force.” * Taking these definitions as correctly 
representing*the received* theories of phymcal science, 
it is manifest, irrespective of the copsideradons 1 have 
]}|resent8d in this and the preceding chapters, that force 
is not ah individual thing or entity that presents itself 
directly to observation or to thought, but that, so far 
as it is treated as a definite and unital term in the 
operations of thought, it is purely an incident to the 
conception of the interdependence of moving masses. 
The cause of motion, or of *the ^change of motion, in a 
body is the condition or group of conditions upon which 
the motion depends ; imd this condition or group of 
conditions is always a corresponding motion, or change 
of motion, of the bodies outside of the body in question 
which are its dynamical correlates, f Otherwise ex- 
pressed, force is a mere inference from the motion 
itself under the universal conditions of reality, and its 
measure and determination lie solely in the effect for 
which it is postulated as a cause ; it has no other exist- 
ence. The dhly reality of force and its action k the 
correq)ondence b^ween physical phenomena in con- 
formity with the prindple of the essential rdativity of 
all forms of physical existence. 

That fence has no independent reality k so plain 

obvious that it has been proposed by some thinkers 

, 1 ^ -) 

. ^ Sdjinoff, TheovetSMbe toL H p. 155, 

f "Diet g^genwf»rtf||.]c]Ar antwickeHe txuicbutiBebe Begrill der Kiw,” 
der iConiefteB, p. W5X “enthadt nfditt 
Aii«dntt% dHner nod leiittohesi Bealdiutif 
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to aboli^ the term force, like the term cquse, alto- 
gether. However dcairable a spanng nse of snclf terms 
may be (as is illustrated in the clearness of some mod- 
em kiechaaioal treatises *), it is impracticable wholly to 
dispense with it, for the reason that the conceptual 
element for^, when properly interpreted* in terms of 
experience, is a legitimate incident to the conception of 
physical action, and, if its name were disused, tt would 
instantly reappear under another name. There'are few 
concepts which have not, in science as well as ii^ meta- 
physics, given rise to the same confusion that prevails 
in regard to “ force ” and “ cause ; ” and the blow lev- 
eled at these would demolish all concepts whatever, 
nevertheless, it is of the greatest moment, in all specu- 
lations concerning, the interdependence of physical phe- 
nomena,»never to lose sight of the fact that force is a 
purely conceptual term, and tliat it is not a distinct 
tangible or intangible thing. 

How imperfectly all this is apprehended in our 
time appears upon the most cursory examination of 
elementaiy treatises on physics as well as original 'sci- 
entific essays. The relation of force to mechanical mo- 
tion is incessantly spoken of as a fact ascertained by 
observation and verified by experiment” * In an article 
published in July, 1872, it is said : In regard to the 
first question (What produces motion!) there is no diver- 
in^ of opinion. All agree that what produces diaiige 
. 0 r.< 8 n 8 esniotionis.^?r<».”t The obvious meaning of 
iSiig.is, that it ini|^t possibly admit of question whether 
•tnaate^ change or motion is produced by force or by 

' Stn4dMa^V«^eBineenttabociiiKfb^ Bd- 

. . Kodoo, 1^ Pn&. PW 
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Bomething else, and that phTsicists, on the whole, have 
corae'to the conclusion that it is produced by force. 
Such a question ought, indeed, to be gravely pondered ! 
It is like the qu&tion which Mr. Sachs, in his dei^^^* 
propounded to the world : “ Who will a/^ure us that 
the star which the astrCnomers regard as Uranus is 
Uranuf in fact f ” * 

• Physicists generally, however, are in still greater 
confusion as to the nature of force in another respect. 
Bodies are said to be endowed with a definite quantity 
of force ; it is assumed that to every particular body or 
atom belong, or that in such body or atom is inherent, 
an invariable measure of energy. This statement, be- 
sides involving the conceit jusi^ noted of the indeperi- 
dent reality of force, implies the assumption that force 
can be an attribute or concomitant of a single* particle 
as such, ignoring the fact, which is otherwise well 
known to physicists, that the very conception of force 
depends upon the relation between two terms at least. 
“ Force,” says Clerk Maxwell,f “is but one aspect of 
that mutual action between two bodies which is called 
by Newton Action and Beaction, and which is now 
more briefly expressed by the single word Stress.” 
And in another place I'jf “If we take into account the 
whole phenomenon of the action between two portions 
of matter, we call it Stress. . , . ]^t, if we confine our 
attention to one of the portions of matter, we see, as it 
were, only one side of the transaction — ^namely, that 
which afj^ets the porti<m of matter under our consider- 
a1ion-4uid we call this aspect of the phenomenon, with 
^menoC to its effect, an Eltemal Force acting on that 

ote iMue Theorie vom Ban der WfelUB,voo 
Si SmSm, {>. m (^ted bySe«toer). 
f. Helm Udden, id. 


t /t., xi:zr4 xxxHit . 
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portion of matter, and mth reference to its ^oaose we 
call it the Action of the other portion of matter. * The 
oppotite aspect of the stress is called the Beaction on 
the OTher portion of matter.” To tUb same effect is 
thQ statement of Bankine:* Force is an action be^ 
tween two bodies either canting or tendihg to cause 
change in their relatire rest or motion.” It follows 
that a “ constant central force,” as belon^g to Kn indi- 
vidual atom or molecule in and by itself, is an imposti- 
biUly. 

* Applied Uedunto, fonrth ed., p. IS, 



CHAPTER XL 

CSABACXER AND ORIGIN OF THE MECHANICAL THEORY 

(continued). — ^ rrs exemplification of the third 

RADICAL ERROR OF METAPHYSICS. 

T here ai^ few beliefs which are generally held to 
be more indubitable than that of the absolute solidity 
of matter. With the exception of Descartes and his im- 
mediate followers, whose assertion that matter is noth- 
ing but extension is clearly indefensible, philosophers 
and physicists alike have always placed solidity and im- 
penetrability in the front rank of its primary qualities. 
And this belief, in view of the observed transforma- 
tions of material things, unavoidably leads to the doc- 
trine that matter consists of indivisible, absolutely rigid 
particles. The opinion of Tyndall, expressed in 1;he 
passage quoted in the last chapter from his Liverpool 
address, is the'^opinion of the bulk of scientific men, as 
wdl as of pemons without scientific training. To ^ 
of them, as to Tyndall, it seems absurd to deny that 
the conception of matter necessarily involves the no- 
tion of definite, tangible, and indestructible solidity. It 
is the general tacit assumption that, of three moleci: , 
nhi^r states, or states of aggregation, in which matter 
pies^ts it^ to the sen^ solid,, the liquid, and 

tile gasejons — ^the last ^^o ^ s or cotn« 

of for instenee^ is in feet 
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ing from each a doad only by tho greater regnlarily in 
the forma and diatancua of the particlea wheredf it ia 
emnpoaed, and by tho fact that theao particles are con- 
trolled iif tho case of a gas by their Tnutnal attractions 
and repnlsjpna, while in tho caae of the doad of duat 
they are nndor the sway t»f oxtrinaic forcob. And, 
while tho troutitiofn of tho three molecular states into 
each utlier in regular and invariable order is to9 obvious 
to be lgnore<l, it is supposed tliat the solid is* tho pri- 
mary state of whidi tho liquid and gaseous, or oqtiform, 
states are simply derivatives, and that, if these btates 
are considered as evolved the one from the other, tlie 
order of evolution is from the solid to the vapor or gas. 
In this view the boh‘<|,fona of matter is not only the 
basis and origin of all its further determinations— -of all 
its evolbtioub and changeb — but it is also the true and 
typicid element of its mental representation and con- 
ception. 

While this view of tho relation between the molco- 
ular btateb of matter is nnivetsally prevalent, it is not 
difficult to show that it is inconsistent with the facts. 
All evolution proceeds from the relatively Indetermi- 
nate to the relatively Determinate, and from the com- 
paratively Simple to the comparatively CSomplex. 
(confining our attention, for the moment, to tho two 
eictreme terms of the evolution, the solid and the gas, 
and ignoring the intennediate liquid) a comparison of 
the gaseous with tho solid state of matter at once diows 
tiiat the former is, not the end, but the beginning of 
the evolution. The gas is not only oomparativdy in- 
determinate— without fixity of volume, without mys- 
taltino or other structure— but it also exhibits, in its 
futtctioml tnanifestations, that simplicity and r^ularily 
which are ckhracterietio of all types or prinitiry farms. 
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Looking, to the purely pliysical lOspect of a gaa — 
I spe&k, of course, only of gases wlii<*li are approxi- 
mately perfect, to the exclusion of vapors at low tem- 
perature and of gases wliich arc readily cocR’cilde^ its 
volume expands and contracts as the pi'essure to which 
it is subjected; its velocity of diffusion is inversely 
proportional to the square root of ifs density ; its rate 
of expansion is uniform for equal increments of iem- 
];>eraturd ; its specihe heat is the same at all temperar 
turns, and, in a given weight, for all densities and un- 
der aU pressures ; the specilic heats of ecpial volumes 
of simple and incondensiblc gases, as well as of com- 
pound gases formed without condensation, are the siime 
for all gases of whatever iiafure, and so on. In all these 
respects the contrast with the liquid as well as the solid 
form, the relations of whose volumes, or stnic^ires, or 
both, to temperature and to iiu'chanical pressure or 
other force are complicated in the extreme, is great «ind 
striking. But this contrast becomes still more signal, 
secondly, under the chemical aspect. Wo can not, in 
any proper sense, assign the proportions of volume in 
which the combination of solids and liquids takes ptace 
— ^indeed, the combination of solids as such is impos- 
sible — and thePnumbere expressive of the proportions of 
the combining weights upon their face exhibit an ap- 
pearance of irrelation and irregulaiity which the most 
sustained endeavors of scientific men (such as Dumas, 
Stas, H. Carey Lea, Cooke, L. Meyer, Mendelojeff, 
Bauinhauer) have been unable to obliterate. In the 
combination of gases, on the contraiy, all is simplicity 
and order. The ratio of volumes in which gases com- 
bine is always simple, and the volume of the resulting 
gaseous jproduct bears a^simple ratio to the volumes of 
its eonsti^ents ”-H9ucli is t^ law of Gay-Lussac. Pjr 

PH ♦ 
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VrHMglit, llie ratio of combination between b^r^rogen and 
chlorine is 1 to 35*5 ; by volumes, one volume of by* 
dro'^n combines with one volume of cblorino (the vol* 
bcidg taken, of course, at the same presstutiB and 
ti'inperatures) so as to form two volumes of bydru- 
chloric acid. Oxygen and hydrogen coinbme in the pro- 
j/ortion of 16 to 2 by weight ; but one volumo^f oxy- 
{."11 combines witli two volumes of hydrogen, forming 
1 w 0 volumes of watery vapor. Nitrogen and hydrogen, 
V hose atomic weights, so cidled, arc 14 and 1 .rcspcc- 
t'lM ly, combine in the simple ratio of one volume of ni- 
tijigou to three volumes of hydrogen, the combination 
1 'suiting in two volumes of gaseous ammonia. And 
larbon, whose “atouye weight” is 12, though it can 
>t be actually obtained in giisoons fonn, is assumed by 
..II choBSibts (for reasons not necessary to state hero) to 
■uiibine with hydrogen in the ratio of one volume to 
1 mr, BO as to yield two volumes of marsh-gas. 

All this warrants the conclusion that if there be a 
t; |/ical and primary state of matter, it is, not the solid, 
ill) I the gas. And, tliis being so, it follows that the 
molecular evolution of matter confonus to the law of 
.til evolution in proceeding from the indeterminate to 
the determinate, from the simple to the*Complox, from 
the gaseous to the solid form. Inasmuch, therefore, 
ao the explanation of any phenomenon aims at the 
e.xhibition of its genesis from its simplest beginnings, 
or from its earliest forms, tlio gaseous form of matter 
is the tme basis for the explanation of the solid form, 
and not, conversely, tlie solid for the explanation of the 
ga*'. • 

Front the foregoing considerations, I take it to be 
clear that the tme relation betw^n the moleenlar states 
of tnatter is the exact reverse of that nnitersally as- 
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earned. The anirerealhy of this assumption, howovi r, 
indicates fhat it is dite, not to a mere chance error oi 
reasoning, Irat to some natural bias of the mind. I'Ik 
question arises, therefore: What is the origin ufttiii' 
pre valent delusion I'especting tlie constitution of matter ! 
I believe tho«nswor to thip question to be Exceedingly 
6im(^>lo, s^nd important in proportion to its siinplicil \ . 
One of ilie fallacies to which tlie human intellect is Jiu 
bib by reason of the laws of its growth, and which I have 
ventured to call ttructuroL fallacies, is that the intellect 
tends to confound the order of tlte genesis of its idea > 
respecting material objects with the order of the genet- j < 
of these objects themselves. I have heretofore sho\^ u 
that the progress of our kncfwlcdge depends upon anal 
ogy — ^upon a reduction of tho St^ge and Unlmown to 
the terms of the Familiar and Known. In ^c><.‘rtaiii 
sense it is true, what has been often said, that all cog 
nition is recognition. **M,in constantly institutes cont- 
parisons,’' says Pott,* “between the new whidi pr.'- 
sents itself to him and the old which he already knows.'’ 
That this is so is shown by tho development of lan- 
guage. The great agent in the evolution of language 
is metaphor — tho transference of a word from its ordi- 
nary and rcceved meaning to on analogous one. This 
transference of the name descriptive of a known and 
familiar thing to the designation of an unknown and 
unfamiliar thing typifies the proceeding of the iutelle/'t 
in all cases where it deals witli new and strange phe- 
nomena. It assimilates these jdienomena to those which 
are known ; it identifies the Strange, as far as possible, 
with the Familiar ; it apprehends that which is extraor- 
dinary and uncommon in terms of that which is or- 
dinary and common. But tliat which is most obvious 
Eondungen, 2d od., voL il, p. US. 
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to tlio senses is both the cai'licbt and most peraistent 
presence in eunbciousness, and thus receives the’ stamp 
of the greatest familiarity. Kow, the must obtrusive 
forAi of matter is the solid, and for this reason it is that 
form Avhich is tirst cognized by the infant intellect of 
mankind, anu tlms sei'ves as Iho basis for the subsequent 
TOCognitioii of oth(yr forms. Accordingly we find that, 
on the early stages of human history, tlie solhl alone 
was apprehended as material. It was long befoi'e even 
utmosplieric air, obtrusive as it was in M’ind and.storm, 
came to bo known as a form of matter. To tliis day 
words signifying wind or bivath — animus, spiritus, 
deist, ghost, etc. — are tlie tonus denoting that which is 
tlic fundamental corrqlate of matter, even in the lan- 
guages of civilized nations. And it is veiy questionable 
w’hothev either the ancient philosojhers or the mediie- 
val alchemists distinctly apprehended any aSriform sul>- 
stance, other than atmospheric air, as material. It is 
cerfaiin that up to the time of Van ITelmont, in the latter 
])art of the sixteenth and tlie first decades of the seven- 
teenth century, auriform matter was not the subject of 
sustained scientific investigation. 

It is obvious then, tliat, while the progress of evo- 
lution in nature is from the aeriform lo*the solid state 
of mattcT, the progress of die evolution of knowledge 
in the minds of men was, conversely, from the solid to 
the aeriform ; and, as a consequence, the aeriform or 
gaseous state came to be apprehended as a mere modi- 
jfioation of solidity. For the same reason, the first form 
of material action which was apprehended by the dawn- 
ing intellect of man was the interaction between solids 
— ^meohanioal interaction — and from this, again, it fol- 
lowed that the difierenoe between the solid and the gis 
was apprehended as a more d&Eerence of dis(ifuico be* 
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tween the solid particles, as produced by mechanical 
motiofi. • 

Again : familiarity, in the minds of ordinary men, 
is universally coafoxmded with simplicity. .And,* the 
explanation of a phenomenon aiming, as we have seen, 
at an exhibition of its gnosis from its l^iinplest be- 
ginnings, the mind, in its attempts ^ explain tlie ga'-c- 
ow foivn, naturally retraces the steps in the evolu- 
tion of its ideas conceiuing matter — of its concepts of 
matteii; — ^back to the earliest, most familiar, and there- 
fore apparently bim])lebt form in which matter was and 
is apprehended, and assnines the solid particle, the 
atom, as the ultimate fatd;, as the primary element for 
all representation and coneffption of material existence. 

The assumption of the identity of the order of con- 
ception with the order of reality (the third of Jlie falla- 
cious assuuiptions enumerated in the ninth chapter) is 
one of the most fatal errors of ontological speculation, 
and has lH?en signalixed as such by tT. K. Mill, who fails, 
however, to discover the true source of this error as 
pointed out above, attributing (as usual) the order and 
connection of our ideas to mere fortuitous association. 
“A large proportion of the eri*oncous thinking,” he 
says,* “ which exists in the world, proceeds on the tacit 
assumption that the same order must obtain among the 
objects of nature which obtains ^mong our ideas of 
them.” The inveteracy of this assumption and its irre- 
pressible dominance in ontological speculation might be 
shown by numerous examples. Spinoza makes tiie dis- 
tinct declaration that “ the order and connection of ideas 
are the same as the order jmd connection of things.” f 

* Lopfo, 8th ed , p. 021. 

f “Owfo €onn«btp ideanm oc H connexSa rerum ” 



178 


CONCEPTS OF UODEBN PHTSICS. 


And even in a late treatise on logic we read tlmt ‘‘ the 
logical catenation of ideas corrcsp6nds to the re^l cate, 
nation of things.” * Here again, then, the metaph^rsical 
chankter of the atomo-mechanical thoevy becomes mani- 
fest. 

Although the opinion that solidity and impenotra- 
bilily are not only, indispensable, but also perfectly 
simple attributes of mattw, is all but universal there 
are some thiukers who do not fall to see that it is due 
to a prejudice of the intellect. “ In the hypothesis,” 
says K Cournot, f “to which modem physicists have 
been led— that of atomn kept at a distance from each 
other, and even at distances which, though inappreciable 
in experience, are nerertlielehs very great in comparison 
with the dimensions of Ihe atoms or elemeutary corpus- 
cles— there is nothing that compels the conception of 
atoms as hard or solid little bodies rather than as suuJl, 
soft, flexible, or liquid masses. The preference which 
we give to hardness over softness, the tendency to rep- 
resent the atom or primordial molecule as a miniature 
of a solid body, rather than as a fluid mass of the same 
size,«re therefore nothing but prejudices of education 
resulting from our habits and the conditions of our 
animal life. Consequently there is nothing more un- 
founded than the old belief— so deeply rooted in the 
old scholastics and perpetuated even in modem doctrines 
—which makes imjienetrabiUly added to extension tibe 
fundamental property of matter and of bodies. It is 
too (dear that atoms which could never come in contact 
could much less penetrate each other, so that the quality 
mid to be fundamental wopld, on the contrary, be a 

idl» 4PtMMiummtfU 

AttHmk" JMbonrf, p. tl. 

f De rBncminwaipiit, eta, vol i, p. 246 \iq. 
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useless, i^le quality wliicli would never come into pky 
and would nevur bo port of tlie explanation of any 
pLenomenon, and the assertion of whose existence would 
be gratuitous. Ihe same thing is to be said of extension 
as an attribute or quality of atoms, inasmuch os, upon 
last analysis'and in the present state of the sciences, all 
the explanations that can be given pf physico-chemical 
]^henoAena are perfectly independent of tlxe hypotheses 
wliicli can be framed I’especting the figures and dimen- 
sions pf elementary atoms or molecules. As to bodies 
of finite dimensions falling under our senses, Uiey are 
all certainly^notrable ; and so far as they are concerned 
the continuity of forms of extension is but on illusion. 

“ In the l)odies that fall under our senses, solidity 
and rigidity, like flexibility, softness, or fluidity, are so 
many very complex phenomena which we attempt to 
explain, as best we can, by the aid of hypotheses re- 
specting the law of the forces that maintain the ole- 
inentaiy molecules at (definite) distances, and respecting 
the extent of their sphere of ac'tion, as compared with 
the number of molecules embraced in that sphere and 
with the distances between them. Kow, while the 
familiar notion of bodies in the solid state has sn^ested 
the conception of the rigid corpuscle or elementary 
atom as a philosophical and sciontific principle of ex- 
planation, there is nothing more difficult to explain sat- 
is&iotorily, by means of the conception of atoms, than 
the constitution of bodies in the state of solidity.” 

I have already dted, in the seventh chapter, a pas- 
sage of similar import from the lectures of K Oandiy, 
in which that distinguished mathematician questions 
the necessity of attributing to matter either impenetrap 
bility or extension (without which, or either of 'which, 
there qpn, ofeourse, be no solidity) as a piimaiy quality. 
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Solidity, in the Rentio in which it is attributed to the 
atom, is not a f;u*t, 1:>ut the ltyposta£s of on ahstraf tion. 
As M. Couniot uhservos, an absolutely solid body is nu> 
know#i to experience. The consisteney of the lH>dics 
which present themselves to the experimental physicist 
depends u]x>& the prepondcr^ce or balance of forces, 
such as the fon'cs of cohobiou, crysttiHixation, an<J heat ; 
and the assumption of the absolute solidity of suatter 
results from that superficial and linjuirfect apprehensioS 
of the data of sense (in conjunction \vith the disregard 
of the essential relativity of all the properties of tilings 
to be considered more at length hereaftor)«which is re> 
ficcted in all the early notions of mankind. 

The same primitive, peffunetory and incomplete 
apprehension of the da& of sense has given rise to the 
further ajeumption that all physical action is by im- 
pact. The only interaction between bodies that is di- 
rectly appreciable by the senses of sight and touch is a 
change in the state of rest or motion by collision. A 
thrust; is, therefore, the earbost and most familiar of 
all the observable actions of one body upon another. 
And*w’hen impact takes place between two solids mov- 
ing with different velocities, or (wliat is tlie same thing) 
between a solid in motion and another solid at rest, the 
ordinaiy observer sees nothing more than a displace- 
ment of one body l\y the other, and a direct transfer- 
ence of motion. This displacement and transference- 
are taken to be instant and the bodies are supposed to 
be absolutely rigid. But this observation of the fact 
is as crude as its interpretation is inacenrate. A more 
earefnl study of the phenomena shows that there is no 
.such immediate displacement ; that there is no direct 
transference of motion ; that the bodies are not abso- 
lutely rigid ; that the apparently Simple imj^ solids 
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ia a very .complex senes or group of iiicidonts involving 
not only direct action and reaction, but also alternate 
compression and expansion, a loosening and tightening 
of cohesive and* crystalline bonds, ti'ansfortuatiotis of 
rectilinear into vibratory, of molar into lyolocular mo- 
tion, evolntion and involution of energy — in short, mo- 
menta^, if not porinancnt changes»in all, or nearly all, 
1 j[)e prttperties of bodies between w'hicli the impact oc- 
curs. In view of this : what does the demand of tlie 
atomo-mcclianical theory, to admit no interaction be- 
tween bodies other than that of impact, imply ? Noth- 
ing less thaiPthis, that the iirst rudimentary and unrea- 
soned impressions of the untutored savage shall stand 
fur over as the basis of aU })0Bsi][>1e science. 

Suppose that Hobbes luid been familiar with the 
incidents to the origin and tiunsformation o# motion, 
os they have been brought to light by observation and 
experiment in recent times ; suppose he had been able, 
as clearly as Ilelmholtx and Mayor, or Thomson and 
Joule, to trace, not only the rotatoj’y as well as revolu- 
tionary motions of our planet, but also every disturb- 
ance niwn it— every blow dealt by a living hand* and 
evoiy shock caused by the fall or pj*ojectiou of an in- 
animate mass't-to the undifferentiated energy of a pri- 
mordial gaseous spheroid from which the sun and tho 
earth are supposed to have been Bk)wly precipitated or 
evolved ; suppose tliat, whenever he observed the phe- 
nomenon of impact between two solids and the ai)parent 
transference of visible motion from one to the other, 
Ids thoughts had involuntarily run back to the cmbiyo 
form of this phenomenon, tlie alternate contraction and 
expansion of a formless mobile gas: would he have 
written tho sentence that ** there can be no cause of 
motion /xce^ in a body contiguous and moved ” f 
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The logical and mathematical inadmissibility of the 
assumption of the absolute solidity* of extended attorns 
or molecules was pointed out in the early part of the 
last century by John Bernoulli, who showed tliat it in- 
volved the conception of an infinite power of resistance 
to deformation or compression. And that solidity is 
not the simplest, bpt the most complicated phase of 
material consistency, was urged, nearly sixty^ years 
ago, by Fries, who objected to all atomic theories thal 
‘Hbey assumed that which is the most difficult, viz. : 
the constitution of dchnij^e forms, as an original datum 
and as the starting-point of explanation,}’ * whereas 
**the great difficulty of the mathematical philosophy 
of nature is the possibility of rigid bodies.” f 

The absolute solidity of matter is one of tbe forms 
in whichi the pseudo-concept of being or 

** simple existence ” is hypostasized, in disregard of the 
essential relativity of material things, which I propose 
to discuss in the next chapter. 

* Fries, Mathematische Naturphilosophie (lloidelberg, 1622), p. 446. 
t Id, ih,y p. 616. It viU be noticed that Fries here anticipates the 
observation ci Coamot heretofore dted. 
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■> 

OBABAtiTEB Aim OBiam 09 TBB HEOBASIOAX 'TBEOBT 

(oontintjed). — rrs exemplification op the foubth 

EADICAL EBROB OF METAPHYBIC3. 

The reality of all things which are, or can be, ob- 
jects of cognition, is founded upon, or, rather, consists 
in, their mutual relations. A thing in and by itself 
can be neither apprehended nor conceived ; its exist- 
ence is no more a presentation of sense than»a deliver- 
ance of thought. Things are known to us solely through 
their properties ; and the properties of things, are noth- 
ing else than their interactions and mutud relations. 

Every property or quality of a thing,” says Helm- 
holtz * (speaking of the inveterate prejudice according 
to whi<^ the qualities o£ things must be analogous to, 
or identical with, our perceptions of them), “ is in real- 
ity nothing 4)ut its capability of producing certain ef- 
fects on other things. The eSe^ occurs either between 
like parts of the same body so as |o produce differences 
of aggregation, or it proceeds from one body to an- 
other, as in the case of chemical reactions ; or the ef- 
fete are upon our organs of sense and manifest them- 
selves as sensations such as those with which we 
, here concerned (the sensations cf sight). Such an effect 
we ^11 a reagent being unders^pd 

; ^3)te ostieroB in Sor Tliwoi^ dei Sehew. wUe. 
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\7iihout being exproeeiy mentioned. Thne we ppeak of 
the ‘ Bolubility ’ of a substance, meaning its' behavior 
toward water ; we speak of its ‘ weight,’ meaning its 
attraction Jto the earth ; and wo may^jnstly call a sub- 
stance ‘ blue ’ under the tacit assumption that we are 
only speaking of its action tipon a normal eye. But, 
if what we call a property klwaya implies a ^lation 
between two things, then a property or quality can 
never depend upon the nature of one agent alone, bdt 
exists only in relation to and dependence on the nature 
of some second object acted upon, llcucc, tlicre is 
really no sense in talkiug of properties of, light which 
belong to it absolutely, independently of all other ob- 
joots, and which are supposed to be representable in 
the Bonsatious of the hduian eye. The notion of such 
properties is a contradiction in itself. They can not 
possibly exist, and therefore wo can not expect to find 
any coincidence of our sensations of color with quali- 
ties of light.” 

The truth which underlies these sentences is of suc^ 
transcendent unportance that it is hardly possible to 
be too emphatic in its statement, or too profnse in its 
illustration. The real existence of things is coexten- 
sive with their qualitative and quantitative determina- 
tions. And both are in their jiature relations, quality 
restdtiug from mutual action, and quantity being sim- 
ply a ratio between terms neither of which is absolute. 
Svery objectively real thing is thus a term in number- 
less series of mutual implications, and forms of realiiy 
beyond these implications are as unknown to experience 
as to thought Them is nq absolate material quality, 
no absoliite material substance, no absolnte physical 
unit, no abtolntely simple phynoal entity, no absolute 
]|^ysiC8l constant no absolute standard, either ni quan- 
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tity or ^nalily, no absolute motion, no absolute rest, no 
absolbto time, no alSsulute space. There is no form of 
malarial existence whiob is either its own support or its 
own measure, slid which abides, either quontitaitively 
or qualitatively, otherwise than in peq)etnal change, in 
an unccasiflg flow of umtations. An object is hu^ 
only an compared with another wlych, as a term of this 
omnpsrison, is small, bnt winch, in comparison, witli a 
uiird bbject, maybe indeflnitely large; and the com- 
parispn which determines the magnitude of objects is 
between its tenus alone, and not between any or all 
of its terms and an absolute standard. An object is 
hard as compared with another which is soft, but 
which, in turn, may bo contrasted with a third still 
softer ; and, again, thmre is no standard object which is 
eitlior absolntdy hard or absolutely soft. A body is 
simple as compared with the compound into which it 
enters as a constituent; bnt there is and can be no 
phytttcally real tiling which is absolutely simple.* 

It may be observed, in this connection, that not only 
the law of causality, the conservation of oumgy, and the 
indestructibility of matter, so called, liave their root in 
the relativity of all objective reality — ^being, indeed, sim- 
ply different^tapeots of this relativity — ^but that New- 

. * Ooe of fbe moot noteworthy speebnene of ontolvgioel msoning is 

the wgument whicb infers the edstenoe of Cbsolately iAni>le enhstsuoes 
from the ndsteaoe of oompound snbstanoes. lioRmits plaros ttds 
neat at the heed of his “Monadolog)." "iVmsw t9” he says, '^dari 
mManttan ifoyitilen gnfa duidur empotiUm i iMga* «mm compoiitam mt 
nM ngffrtyahm rimjdMmn." (LeibniiS, Opera omnia, ed. I>atena,t. 
n , p. SI.) But the enthymeme id obvioaily a vidons parste]riBm~-a 
faDa^ of the date known in logto as faUadeaef suppressed rdattve. 
The edstenoe of a tOmpeand eubstanoe oertafnly proves the edstenoe of 
oompoitent psrte yrhieh, rdatMf (0 M* saWaaea srs simple. Bnt it 
prows notl^^pluteter asito tho slmpUoityof these psrts in tbeim 
•eiwsL o" 
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tda’s first and third -laMrs of motion, as wdl as all lam of 
least action in mechanics (inclading^anss’s law* of move* 
meat nnder least constraint), are but corollaries from the 
sametpiinoiple. And the fact that evarjthing is, in its 
nuinifest existence, bnt a group of relations and reactions 
at once acconnts for N'ature’B inherent tele<fiogy. 

Although the tjuth that all onr knowledge: of ob- 
jective reality depends npon the establiihment ov xe^g- 
nition of relations is sofficiently evident and has been 
often proclaimed, it has thus far been almost wholly 
ignored by men of science as well as by metaphysicians. 
It is to t^ day assumed by physicists ai^ mathema- 
ticians, no less than by ontologists, that all reality is in 
its last elements, absolute. td.nd this assumption is all 
the more strenuously msisted on by those whose sci- 
entific caeed begins with the proposition that all our 
knowledge of physical things is deriv^ from exper 
rience. Thus the mathematician, who fully recegnites! 
the validity of this proposition and at the same time 
concedes that we have, and can have, no actual Imewl* 
edge of bodies at rest or in motion, except in relalaen 
to o&m bodies, nevertheless dedares that rest j|md 
tion are real only in so far as they and their elemwts, 

. qtaee |snd time, are absolute. The phyeidat ren^fig ; 
ns at every sjtep that in the field of his investigatioim 
do no a priori truths and that nothing & kimtm. 
of 'ih$|,viforld of mattm* save what has been ascol^M^ 

, hj* iidb«mwatipn.;«hd eamerimout ; he then aamdiii^: ss ' 
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The aesomption that all phyeical reality is in its last 
elemAits'absolate — that the material nniverse is an ag- 
gregate of absolutely constant physical units which in 
themselres are absolutely at rest, but whoee motion, 
however induced, is measurable in terms of absolute 
space and dbsolute tim&r-is obviously th^ true logical 
basis ef the atomo-mechanical theory. And this as- 
s^ptien is identical with that which lies at the.root of 
aumetftphysical systems, with the single difference that 
in sopie of these systems the physical substratum of 
motion (termed the “substance” of things) is not spe-- 
cialized intoiindividnal atoms. 

To show how irrepressibly the ontological prejudice, 
that nothing is physically* real which is not absolute, 
has asserted itself in science during the last three cen- 
turies, I propose briefly to review the doctrine* of some 
of the most eminent mathematicians and physicists re- 
specting space and motion (and, incidentally, time), be- 
ginning with those of Descartes. 

In the introductory parts of his Principia, Des- 
cartes states in the most explidt terms that space 
and motion are essentially relative. “ In order *that 
the place [of a body] may be determined,” he says,* 
“ We must refer to other bodies which we may regard 
as immovable, and accordingly as we refer to differ- 
ent bodies it can be said that tl^e same thing does, 
and ddes not, diange its place. Thus, when a ship is 
carried along at sea, he who sits at t^ stem remains 
always at the same place in reference to the parts 
,of ^ths ship among he retains the same porition ; 

■ hfit he contiunally changes his place in reference to the , 
eh<tfes. . , Andbesid^ if we allow that the earth 
mov^ and prpoosds-^porecisely . as fiwn west tp. 
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east as the ship meanwhile is carried from east to 
west — we shall say again that ho who sits at the stem 
docs not move his place, because we determine it with 
reference* to some immovable points in the heavens. 
But, if finally we concede that no truly immovable 
points are to be found in the universe, as 1 shall liere- 
after show is probable, our conclusion will be that them 
is nothing which has a fixed plaeo except so fa^ as It is 
determined in thought.” * 

Statements to the same effect are found in yarious 
other parts of the same book.! And of space Ues- 
cartes does not Lesitaie to say that is really nothing 
in itself, and that ‘^void ima<*e” is a contradiction in 
tenns — that, as Sir John Iforschel puts it,t “ if it were 
not for tho foot-rule between them, the two ends of it 
would in the same place.” But, in tlic further prog- 
ress of his discussions, having meanwhile declared that 
God always oonserves in the nnivorse tho same qnan- 
tity of motion, he all at once takes it for granted * that 
motion and space are absolute and therefore real en- 
tities. 

''This inconsistency of Descartes is severely censured 
by Leibnitz. “It follows,” says Leibnitz, | “that mo- 
tion in nothing but a change of place, qiid thus, so far 

* The iUuBtratloQ of the TolaUyity of motion by the motion of a ship 
is of constant recurrenoo whenever reference is had to the question dis« 
cussed in tho text. Of. Leibnitz, 0pp. cd. Erdmann, p. 604 ; Newton, 
Princ., Def. viii, Sehol, Ji; Euler, Theoria KotOs Corporum SoUdo- 
nun, VoL i, 0, 10; Berkeley, Principles of Human Knowledge, ^114; 
Kant, Metaphyaische Aufansgruendeder Naturwissenschaft, Phor. Grund- 
aatz t ; Pon^t, De I’Enchoinemcnt, etc., vol. i, p. 56 ; Herbert ^penoor, 
IImI Fkdnoiplea, chapter iii, 17, etc., etc. 

t S* g*, Fdno.| ii, 24, 26, 29, etc. 

X Pamiliav Lectures, p. 456. 

I UlilL, 0pp. irath., «d. Garluudt, net ii, vd. ii, p. M?lu 
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as phenomena are concerned, consistB in a mere rela- 
tion. *Thi8 Cartesiii6*aliio acknowledged ; bat in dednc- 
ing his consequences he forgot his own definition and 
framed his laws motion as tJumgh motion foere mnu- 
thmg real cmd ahsclute” As will be noticed, Leibnitz 
here assome^ as a matter of course, that wfiat is real is 
also absolute. In -view of this it ^ hardly surprising 
thjiyMf too, falls into the same inconsistency with which 
he chai^ges Descartes, and, in his letters to Clarke, 
speaki^ of “ absolutely immovable space ” and an “ ab- 
solutely veritable motion of bodies.” * • 

Newton, in the great Scholium to the last of the 
“Definitions” prefixed to his Principia, sharply dis- 
tinguishes between absolute and relative time and mo- 
tion. “Absolute and mathematical time,” he says,t 
“in itself and in its nature without relation to«nything 
external, flows equally and is otherwise called duration ; 
relative, apjMirent and vulgar time is any sensible and 
extrinsic, accurate or nnequal measure of duration by 
motion which is ordinarily taken for true time. . . . 
Absoluteis distinguished from relative time in astron- 
omy by the equation of vulgar time. For the natural 
days, which are vulgarly taken in the measurement of 
time as equal,\re unequal. ... JR may he that there ie 
no egudhle motion hy which time ie accttraidy meae- 
luredJ’ \ 

“ Absolute space, in its nature without relation to 
anything external, always remains similar and immova- 
ble ; of &is (absolute space) relative space is any mova- 
ble n^ure or dimension which is sensibly defined by 
its place in reference to bodies, and is vulgarly taken 

* Opp, eii, Erdmum, pp. fSO, no, 

f3P>tne.(e4.LeSeiirl(AMq.),p. 8. 

tA«i,p.ia 
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for immovable space.* . . . We define all jplaces by 
the distances of things from sonie [^ven] body 'which 
we take as immovable. ... It may he thc^ there is no 
body irulp at rest to which plaoee ahd maUone are to 
he r^err^” t 

AbsolnLe motion, according to Kewton, is ‘‘the 
translation of a body from one absolute place te anoth- 
er,” and relative motion “the translation of^jK,l]^y 
from one relative place to another. . . . Absolute rest 
and motion are distinguished from relative rest and 
motion by their properties and by their causes and 
effects. It is the property of rest that bodies truly at 
rest are at rest in respect to^ each other. Hence, while 
it is possible that in t^e r^ons of the fixed stars, or 
far beyond tliem, there is some body absolutely at rest, 
it is nevertheless impossible to know from the relative 
places of bodies in our regions, whether any such dis- 
tant body persists in the given position, and therefore 
true rest can not be defined from the mutual position 
of these” [1. e., the bodies in our regions]. ... “It is 
the poperty of motion that the parts which retain their 
givin positions to the wholes participate in their motion. 
For all the parts of rotating bodies tend to recede from 
the axis of motion, and &e impetus ^f the moving 
bo^es arises from the impetus of the parts. Hence, 
when the sunwunding bodieB move, those which move 
within them are relatively at rest. And for iMe teaton 
prme and cdaohute nudion cm not he d^fned hy ^hear 
’ itmdatnahfrom the mcMMiycfhodiet which are looked 
l^ny at rat.X . . . The causes by wfahfii 
. dilbd 'xeiative motions •are chstinguiehed ivm ewiih . 
otw'ssejl^ forces impressed npon bodies ^ 

Ijpotioda i$ g^en^ 
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cbangsd selelj by th% forces impressed upon the body 
moved; but relative motion may be generated and 
changed without ^he action of forces upon it. For it 
' is BufiScient that forces are impressed upon otSer belies 
to which reference is had, so that by tlieir^ving way 
a change is effected in thb relation iu which the rela^ 
tive motion or rest of the body consists.* . . . The 
eDEctrTjy which absolute and relative motion are mu> 
tually distinguished are the forces by which bodies 
recede'from the axis of circular motion. For in purely 
rdative circular motion these forces are null, while in ' 
true and abs^ute motion they are greater or less accord- 
ing to the quantity of motion.” f 

It is apparent that in aU those definitions Hcwton, 
like Descartes and Leibnitz, assumes real motion to be 
absolute, and that he takes the terms rdat^ motim 
and ajfparent motion to be strictly synonymous, not- 
withstanding his express admission (in the' passages 
which I have italicized) that in fact there may be 
neither absolute time nor absolute space. That admis- 
sion naturally leads to the further admission that there 
may in fact be no absolute motion; but £rom*this 
Kewton recoils, resorting to the expedient of trying 
to find tenal^ ground for the distinction between 
absolute and relative motion, deSpite the possible non- 
existence of absolute time and spdCe, in what he calls 
th^ respective causes and effects. But these causes 
end effects serve to distiiguish, not relative from abso- 
inite chan ge of position, but simply change of pojfition 
; ia one l^y wi& reference to another from simul- 
taneous ifiisnges of podidorf hi both with reference to a 

' jN!eur|Qn*^dd(!ti&e js pa4>ed to its hst coneeipienoeB 
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by Leonhard Enler. In the first , chapter of Jbis^‘‘ Tlie- 
ory of the Motion of Solid or Bigid Judies,” Enler be- 
gins with the emphatic declaration that rest and motion, 
so far as* they are known to sensible experience, are 
purely relaljve. After referring to the t^ical case of 
the navigator in his diip, he proceeds The notion 
of rest here spoken of, therefore, is one of illations, 
inasmuch as it is not derived solely from the cfihdiiion 
of the point O to which it is attributed, but from a 
comparison with some other body A . . . . And hence 
' it appears at once that the same body which is at rest 
with respect to the body A is in variouff motion with 
respect to other bodies. . . What has been said of 

relative rest may be readily applied to relative motion ; 
for when a point O retmns its place with respect to a 
body A,*it is said to be relatively at rest, and, when it 
continually changes that place, it is said to be relatively 
in motion.t . . . Ther^ore motion <md rest are distm- 
guished merdy in name and are not ogoposed to earh 
oOuT in facd^ inasmuch as }>oth may at the same Hme 
he attributed to die same pointy am/rdinyly as it is re- 
ferred to different bodies. Nor does motion differ from 
red othemoise than as one motion differs from an- 
other.^ X 

After thus insisting upon the essential relativity of 
reat and motion, Erder proceeds, in the second chapter, 
&e Internal Principles of Motion,” to condder 
the ^neStum whetiher or not rest and motion are predi; 
^Me of e body without reference to other bodies, To 
,^s qnestiim.he unhesitatingly gives an afiSnnati've an- 
.iwer,,]^ 14 i&g it to be axiomatic that << ev^ body, even 
- witimat respect to other bodies, is dther at rest or in 

' fliSisMa i»ota> CSwp. Sol, 0**,, ct|i, i, , 
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motion, i. e., is either absolntely at rest or absolntely in 
motion.* ! . . “ ThiA far,” he explains, “ following the 
sens^ we have not recognized any other motion or rest 
than that with re^ct to other bodies, whence we l^ave 
called both motion and rest relative. Bnt, if we now 
mentally tah« away all bodies bnt one, and* if thus the 
relatiomby which we have hitherto (hstingnished its rest 
iir^ — is withdrawn, it will first be asked whether 
or not the conclnsion respecting the rest or motion of 
the remaining body still stands. For, if this conclnsion 
can be drawn only from a comparison of the place of. 
tlie body in ^nestion with that of other bodies, it fol- 
lows that, when these bodies are gone, the conclnsion 
must go with them. we do not know of the 

rest or motion of a "body esec^t from Us rdaUon to 
other bodies, it is nevertheless not to be condyfied that 
these things {rest and moUori) are nothing in themsedmes 
hat a, mere reiaHon established by the widieet,.and theU 
there is nothing inherent in the bodies themsdves which 
corresponds to ow ideas of rest and motion. For, 
although we are nnable to know quantity otherwise 
than by comparison, yet, when the things with which 
we instituted the comparison are gone, there is stQl left 
in the body iitj^fundamenbum guantitatis, as it were ; 
for, if it were extended or contracted, snch extension 
or contraotibn would have to be taken as a true change. 
Thus, if but one body existed, we should have to say 
that it was either in motion or at rest, inasmuch as it 
could not be taken as being both or neither. Whence 
JT condade that, rest and motion are nod merdg (deed 
things, bomfivm compa/rapn odqne, so that there wosdd 

* Omm» teiyfm, eOam Om reyneht ad oBs corpora, cd qaieielt pd 
hoc choobdo^gjiilcocit, »d a5wMs» moodar." R., p. SO 
li, 
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be nothing inherent in ^ body eorreyponding to 
but that it may be jobtly aakod in lespeet to & sdlitary 
body whether it is in motion or at rest. . . . Inasmacb, 
therefore, as we con justly ask respecting a single body 
itself, without reference to other bodies, or under the 
supposition I'hat they ai'c iiui|)ihilated, whether it is at 
rest or in motion, uje must necessarily take ono*or the 
other alternative. Hut what this rest or 
bo, in view of the fact that there is here no chAnge of 
place with respect to other bodies, we can not. even 
..think without admitting an absolute space in whi(^ our 
body occupies some given space whence 4 can pass to 
other places.”* Accordingly Euler most strenuously 
insists on the necessity of p‘&stulating an absolute, im- 
movable space. “ Wh&ever denies absolute space,” he 
says, “ falls into the gravest perplexities. Since he is 
constiuined to reject absolute rest and motion as empty 
bounds without sense, he is not only constrained also to 
1 eject the laws of motion, but to affirm that there are 
no laws of motion. For, if the question which has 
brought us to this point. What will be the cemdition of 
a solitary body detached from its connection with other 
bodies i is absurd, then those things also which are in.^ 
duced in this body by the action of olhcpn become un- 
certain and indeterminable, and thus everything will 
have to be taken as Ipippening fortuitously and without 
any reason.” t 

That the basis of all this reasoning is purely onto* 
logical is plain. And, when the thinkers of the eigh* 
teenth oentnry became alive to tlie fallacies of ontologi* 
cal speculation, the nnsonndness of Euler's ‘‘axiom,” 
that rest and motion are substantial attributive entities 
independent of all Tdbtion, could hardly escape their 

*ThSodanctai(eta.,p.ai. 
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notice. Neverthdess, they were unable to emancipate 
tbemfielreB wholly ftom Euler’s ontological preposses- 
sions. They did not at once avoid his dilemma by re- 
pudiating it as tonfoonded — ^by denying that nation 
and rest can not be real without being absolute — ^but 
they attemjAed to reconc^e the absolute reality of rest 
and motion with their phenomenal^relativity by postu- 
absolutely quiescent point or center ip space 
to whidh the positions of all bodies could be referred. 
Foremost among those who made this attempt was 
Kant.* In the seventh chapter of his Natural Hisk.- 

* It is rematkable how many ot the Bcientiilc discoveries, specolB. 
tioDs end faaries of the present d^ m antiripated or at least foreshad- 
owed in the writings of Kant* Some of them are enumerated by Zoellner 
(Natur der Kometen, p. 466 aeg .) — amdhg them the constitution and 
motion of the system of fixed stars ; the nebular origin of planetary and 
stellar systems ; the origin, constitution and rotation of Sfturn’s rings 
and the condirions of their stability ; the non-coincidence of the moon’s 
center of grarity with her center of figure ; the physical constitution of 
the comets ; the retarding effect of the rides upon the rotation of the 
earth ; the theory of the winds, and Dove’s law. Fritz Schultze has 
shown (Kant and Darwin, Jena, 18t6) that Kant was one of the pre- 
^irsore of Darwin. In this connection it is curious to note a coincidence 
(no doubt wholly accidental) in the example resorted to both by Kant 
and A. R. Wallace for the purpose of Ulustrating adaptation by general 
law.” The case put by both is that of the channel of a river which, in 
the view of the W^logists, as Wallace says (Contributions to the 
Theory of Katural Selection, p. 276 aeg.), “must have been desiipied, it 
answers its purpose so effectually,” or, as Kajit expresses h, must have 
been scooped out by God blms^. (“ Wonn man die physiscb'^theolo- 
gis^en Yerfasser boert, so wird man dohin gebracht, rich vorzustellen, 
Ihre Lanfrinnen woeien alle von Octt ausgriioelilt.” Bewrisgrund zu 
elner Demonstration dea Dasein’a Gottes, Kant’s,, Werke^ i* p. 282.) 
Rrenof ^.m^garies of modem transcendental gemnetry there am sug* 
gestions In estays, Yen der wabrea Setmetsung der lebendigm 
Kraelte,; Werke v, 6, and Von 5em emten Grunde dea Dnterschiedea 

derGdiipidtA im p. 298^ fsot is not Ukriy to eon^ 

^ totbe 0dfiiioatte4tf timae wiid, like J. K. Becker, Tobias, Wdssei^ 
the siandard bdefenw of EUr 



196 OONdiPTS OF MODEBN PHTSIOS. 

toej of the Heavens ” — ^the same work in wbidh, nearly 
fifty years before Laplace, he gave *the first oittliifes of 
the Nebular Hypothesis — he sought to show that in the 
nnivQ^ there is somewhere a great celitral body whose 
center of gravity is the cardinal point of reference for 
the motions *of all bodies w^tcver. “If* in the im- 
measurable space,” Ije says,* “ wherein all the bhub of 
the mOky way have been formed, a point is asvjjj^ 
round wluch, from whatever cause, the first formative 
action of nature had its play, then at that point a body 
■■ef the largest mass and of the greatest attractions, must 
have been formed. This body must have become able 
to compel all systems which were in process of forma- 
tion in the enormous surroufiding sphere to gravitate 
toward it as their centel*, so as to constitute an entire 
system, similar to the solar and planetary system which 
was evolved on a small scale out of elementary mat- 
ter,” 

A suggestion similar to that of Kant has recently 
been made by Professor C. Neumann, who enforces the 
necessity of assuming the existence, at a definite and 
permanent point in space, of an absolutely rigid body, 
to whose center of figure or attraction all motions are 
to be referred, by physical consideratior^. The drift 
of his reasoning appears in the following extracts from 
^ insurgural lectnre^On the Principles of the Galileo-. 

fcBdeaa spue. It is probably not irhhoirt sl^piifleaDOe tint in the see- 
osd. ocOtton of his Critique of Pure Beseem Kant omits the third para- 
‘|nq^ et the ftost aeetion of the Traasoendental Aect&eties, in. nUeh 
IwhadMfii^e^OMneoesidty of aseoii^thea |)ri^<diamet(v«f <1 m 
‘ idea of ifMO the aiipuBent that vjjhout this assumption the .proposi- 
tioBS vonid oease to be tms apodietieally,aod that “aB ttuit 

odidit be liid.<^.d|>e.dhnenidnig of spade wqi^ be that 
had^ees ^lM<h.^d tern than ibiee>£msintian^ 
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Newtonkn Theoiy : * “ The principles of the Qalileo- 
Newtonian theories consist in two laws — ^the law of 
inertia proclaimed by Galileo, and the law of attraction 
added byHewll>n. ... A material point, *when» once 
set in motion, free from the action of ^ eztraneons 
force, and Wholly left to«itself, continues to move in a 
straigllt line so as to describe equal spaces in equal 
timsef Such is Galileo’s law of inertia. It is impossi* 
ble that this proposition should stand in its present form 
as the corner-stone of a scientific edifice, as the starting- 
point of mathematical deductions. For it is perfectly' 
unintelligible, inasmuch as we do not know what is 
meant by * motion in a straight line,’ or, rather, inas- 
much as we do know that ^e words ‘ motion in a straight 
line’ are susceptible of various interpretations. A mo- 
tion, for instance, which is rectilinear as scetf from the 
earth, would be curvilinear as seen from the sun, and 
would be represented by a difierent curve as often as 
we change our point of observation to Jupiter, to Sat- 
urn, or another celestial body. In short, every motion 
whidi is rectilinear with reference to one celestial body 
will appear curvilinear with reference to anotheiT’celeB- 
tial b^y. . . . 

“ The wolds of Galileo, acccH^ling to which a mate- 
rial point left to itself proceeds in a straight line, appear 
to ns, therefore, as words without sneaning--^ erpress- 
ing a propodtion which, to become intdligible, is in 
need of a definite bac^round. TAere given in 

tAe ‘mvmte tome tpeekH hoi/g at the iatit qf owr com- 
pariton, at tUs dgeH in rqf^enee to vMeth motiont 
are to it estimated; andi^only when such a body is 
g^ven ahdl wn be aide to atta^ to those words a d^ 

.* Veber ^ WtOgSm §» (kBea^ewUnttOm Tbeorie. 
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nite meamng. Now, wliat body is it which is to ocrapy 
this eminent position ? Or, are there several rach bod- 
ies ^ Are the motions neur the earth to be referred to 
the terrestrial globe, perhaps, and those^near the snn to 
the solar sph^ ? . . . 

“ Unfortunately, neither Qelileo nor NeVton gives 
ns a definite answer to this question. But, if wd care^ 
fully examine the theoretical structure which theytiaae*- 
ed, and which has since been continually enlarged, its 
foundations can no longer remain hidden. We read^ 
•^vee that aU aatmil or imoigmcMe motions in the wiiverse 
must ie rrferred to one and the some Where 

this body is, and what are the reasons for assigning to 
U this eminent, and, as it were, sovereign position, these 
are questions to whidi t^ere is no answer. 

It vsill he necessary, therrfore, to estodilish thejprop- 


osUion, as dtefirti jprmoi^ of the GaMleo-Newtoniain 
theory, that in some wiknonm plaee of the ‘universe there 
is an ‘unhnovm 5o % — a body cibsoiuteiy rigid and ttn- 
ehangedhle for aU time in its figure and dimensioM, 
I 'may he permitted to cell this body ‘ The Boot Alpha.* 
It umtdd then he necessary to add dtai the motion of a 
body would impart, not its change of plaoe in rferenee 
to ^ eoBrOt or sun, hut its change (f posifion in rfer- 
enee to ^ body Alpha. 

‘ "From this poin^of view the law of Galileo is seen 
to have a definite meaning. Thia meaning presents it* 
adf M a second principle, whidi is, that a material point 
l^ ;^:.itsS]f prc%re^ a stridght linp^proOMds, 
a conrse whidi is rectilinear in r^erenee 
'■io 

showings, or attempting to dipw, that ^ 
^-nee^tates.ite ji<^ereiu^.'td..s;' ' 
fi[n>l;b'.iK»|tion''in 
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seeks to verify this assumption by asking himself the 
question, what consequences would ensue, on the hy- 
pothesis of the mere relatiTity of motion, if all bodies 
but one were alnihilated. Let us suppose,” he^ says, 
« that among the stars there is one which consists of 
fluid matt^, and which^like our earth, is in rotatory 
motion round an axis passing thrpugh its center. In 
oov^nence of this motion, by virtue of the centrifugal 
forces 'developed by it, this star will have the form of 
an ellipsoid. What form, now, I adc, will this star as- 
sume if suddenly all other cdestial bodies are annihi. 
lated ? • 

“These centrifugal forces depend solely upon the 
state of the star itself ; they are wholly independent of 
the other celestial bodies. These forces, therefore, as 
well as the ellipsoidal form, will persist, irrespective of 
the continued existence or disappearance of the other 
bodies. But, if motion is defined as something relative 
— as a relative change of place of two points — the an- 
swer is veiy difEerent. If, on this assumption, we sup- 
pose all other celestial bodies to be annihilated, nothing 
remains but the material points of which the Mar in 
question itself consists. But, then, these points do not 
change theirfelative, positions, and are therefore at rest. 
It follows that the star must be at rest at the moment 
when the annihilation of the oth^r bodies takes place, 
' and therefore must assume the spherical form taken by 
all bodies in a state of rest. A contradiction so intoler- 
able can bdifivoided only by abandoning the assumption 
of the rcdativil^ of motion^ and coneeiving motion as 
absolute, so that thus we aire again led to the pruufiple 
of the b^y Al{^” 

, • iSTow^' what anawer can be made to this reasoning of 
locate, if we grant the adnuBribU- 



300 


OONOEFTS OF HOOEBK FHXSlOa 

ity of the hjpothesiB of the annihilation of all bodies in 
apace bnt one, and the admissibilify of the fdrthbr as- 
anmption that an abaolately rigid body with an abao- 
Intely fixed place in the universe is po^ble. But such 
a ooncession is forbidden by the niiiyersal principle of 
relativity, in the first place, tj^e annihilatiola of all bod- 
ies bnt one would jiot only destroy the motion of this 
one remaining body and. bring it to rest, as Pre^y^qr 
Neumann sees, but would also destroy its veiy ^detence 
and bring it to naught, as he does not see. A bo4y can 
^Bot survive the system of relations in which alone it has 
its being ; its presence or position in space is no more 
possible without reference to other bodies than its change 
cf position or presence is possible without such refer- 
ence. As has been abundantly shown, all properties of 
a body which constitute the elements of its distinguish- 
able presence in space are in their nature relations and 
imply terms beyond the body itself. 

In the second place the absolute fixity in space at- 
tributed to the b^y Alpha is impossible tmder the 
known conditions of reality. The fixity of a point in 
spac^involves the permanence of its distances from at 
least four other fixed points not in the same plane. 
But the fixity of these several points agtj^ depends on 
the constancy of their distances from other fixed points, 
and so on ad ir^'Unpn. In sliort, the fixity of positum 
of way. body in space is possible only on the supposition 
pi. the. absolute finitnde of the universe ; and this leads 
to the tdieoiy of the essential curvature pi space, and 
.other theories of modem transcendental geometry, 
which be discussed her^fter. 

Th^. is bnt one isdiBe from 




per^e^tiiw of ,; 
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they are absolate, depeoda upon their relativity. The 
sourcb of these per|flozitieB is readily discovered. It is 
to be found in the old metaphysicd doctrine, that the 
Beal is not onljl distinct from, but the exaet opposite 
of, the Phenomenal. Phenomenalities are the deliver- 
ances of sense ; and thes^ are said to be ^nti'sdictory 
of each other, and therefore delnsiye. Now, the truth 
there is no physical reality which is not phe- 
nomenal. The only test of physical reality is sensible 
expe^ence. And the assertion, that the testimony of 
the senses is delusive, in the sense in which this assea;!- 
tion is madftby the metaphysicians, is groundless. The 
testimony of the senses is conflicting only because the 
momentary deliverance each sense is fragmentary 
and requires control and rectification, either by other 
deliverances of the same sense, or by the deliverances 
of the other senses. When the traveler in the desert 
sees before him a lake which continually recedes and 
finally disappears, proving to be the effect of mirage, 
it is said that he is deceived by his senses, inasmuch 
as the supposed body of water was a mere appearance 
without reality. But the senses were not deceptive. 
The lake was as real as the image. The deception lay 
in the erroneous inferences of the traveler, who did not 
take into account all the facts, forgetting (or being 
ignorant of) the refraction of the rays proceeding from 
Ito retd object, whereby tbeir direction and the appar- 
ent position of the object were (fiumged. The true 
disfanction’^bettveen the Apparent and the Beal is that 
the former' la a partial deliverance of sense which is 
mistaken for the whole f^elivmwnce. The deception 
or illoinon results: from drcumstance that the 
sens*^ are . iwt property and j|dmiisfively iaterarogated 
^ iliat tlvdr wkcle ito^ 
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The coercive power of the prevaQkig ontological 
notions of Euler’s time over the dear intelleSst 6f the 
great mathematician is most strikingly exhibited in his 
statepient ^hat without the assumption S^>f absolute space 
and motion there could be no laws of motion, so that 
all the phenomena of phjs^ action would become 
uncertain and indeterminable. If this argument were 
well founded, the same consequence would follgj^, a 
fonHori^ from his repeated admissions in the first chap- 
ter of his book, to the effect that we have no actud 
knowledge of rest and motion, except that derived 
from bo^es at rest or in motion in refersnee to other 
bodies. Euler’s proposition can have no other meaning 
than this, that the laws of mdticm can not be established 
or verified unless we khpw its absolute direction and 
its ahsduite rate. But sndbi knowledge is by his own 
showing unattainable. It follows, therefore, that the 
establishment and verification of the laws of motion are 
impossible. And yet no one knew better than Euler 
himself that all experimental ascertainment and verifi- 
cation of dynamical laws, Uhe aU acts of de- 

pend*<upon the insulation of phenomena ; that they can 
be effected only by disentangUi!^ the effects of certain 
forces from the effects of other f wees ^(determinable 
udmnde^ i. e., by their other with which they 

are complicated—^ proceeding which, in many cases$ is 
facihtat^ by % circumstance that^ these latter effects 
m inappreciably sm^. Surely the verification of the 
* law of inertia by the inhabitimts of our pl0et does not 
i^]^d. upon their knowledge, at any moinent, of the 
ilriate velpehy bf motion round the 

yaiU^ty . the Newtonian Of 
rdisawn in question 
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solar ^s(jpm moveB^iii' some elliptic orbit whose ele- 
ments are not only unknown, but will probably never 
be discovered ! ^ well might it be contended that the 
mathematical th^rems respecting the properfies oi the 
ellipse are of doubtful validity, since no g|pch curve is 
accurately described by aVy celestial body or can be 
exactly traced by a human hand ! • 

• Although in particular operations of thought we 
may be constrained, for the moment, to treat the Com* 
plex as simple, the Yariablo as constant, the Transitory 
as permanent, and thus in a sense to view phenomena 
quadwT/h impede cAsoluU^^ ^ nevertheless there is 
no truth in the old ontological maxim that the true na- 
ture of things can be discovered pnly by divesting them 
of their relations — ^that to be truly known they must 
be known as they are in themselves, in their ^absolute 
essence. Such Imowledge is impossible, all cognition 
being founded upon a recognition of relations; and 
this impossibility nowhere stands out in stronger relief 
than in the exposition, by Newton and Euler, of the 
reality of rest and motion xmder the conditions of their 
determinability. 

It follows, of course, from the essential relativity 
of rest tsmd m^ion, the old ontological disjunction 
between them falls, and that in a double sense rest dif- 
fers from motion, in the langui^a of Euler, as one 
motion differs from another,” f or, as inodem mathe- 
maticians anil physiciert;s express it, that "rest is but a 
special case of motion*” X follows, furthermore, 

, * aaturS ratloidB eat res quadnati seternitatis q>ecle parei- > 
pw.” Spittoaii, Parti, il, Pk^xUt, Coroll. 8* 

; f aUier aiins* wotus abalioi^ 

',)!}iiecn^ niotiM, ste^'p. t. 
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tihat rest is not the lo^cally or eosmol<^cal^ /^mum 
of material existence— ^that it is not the natnral and 
original state of the universe which requires no ex- 
plaaationT while its motion, or that its parts, is to 
be acconntpd for. Wliat requires, and is susceptible 
of, explanation is always a change from a*given state of 
relative rest or motion of a finite material syst&ra ; and 
the explanation always consists in the exhibitiMK>£> an 
equivalent change in another material system. The 
question respecting the origin of motion in the uni- 
•verse as a whole, therefore, admits of no answer, be- 
cause it is a question without intelligible %aeaning. 

The same consideration§ which evince the relativity 
of motion also attest the relativity of its conceptual 
elements, space and time. As to qxice, this is, at once 
appareift. And of time, “ the great independent vari- 
able” whose supposed constant flow is said to be the 
ultimate measure of all things, it is sufficient to observe 
tliat it is itself measured by the recurrence of certun 
relative positions of objects or points in space, and that 
the periods of this recurrence are variable, d^nding 
npoh variable physical conditions. This is as true of the 
data of our modem time-keepers, Ihe clo<& and chro- 
nometer, as of those of tlie clepsydra^ and houi^glass 
of the ancients, all of which are subject to variations of 
friction, temperature, changes in the intensily of gravi- 
tatioD, aocoi^g to the latitude of the places of ob- 
servation, and so on. And it is equally true of the 
records qf the great celestial time-keepeis, the sun uid 
' stars. Aiharwe have reduced our apparent solar 
, day to the mean solar dsy,%nd this, again, to the aide- 
rs day, ;we hnd that .^e intervid between any two 
.trahsha el .the eqninorijid po^ts is not epttirta&'^.hht 
^ eqnseq^oe of 
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precession of the equinoxes, and of nnmerons other 
secnlai’ p&tnrhationif and variations dne to the mntnal 
attraction of the heavenly bodies. The constancy of 
the efflnx of tiiie, like that of the spatial pos^ons 
which serve as the basis for onr determination of the 
rates and amounts of phys<»l motion, is purely concept- 
ual. • , 

• relativity of mass has repeatedly been adverted 
to in the preceding chapters. It has been sho^ that 
the measure of mass is the reciprocal of the amonnt of 
acceleration produced in a body by a given force, while 
force, in turof is measured by the acceleration produced 
in a given mass. It is readily seen that the concept 
mass might be expanded, so as to assign the measure 
of mass, not to mechanicid motihn alone, but to physi- 
cal action generally, induding heat and chemical a^- 
ity. This would lead to an equivalence of masses dif- 
fering with the nature of the agency selected as the 
basis of the comparison. Thermally equivalent masses 
would be the reciprocals of the specific heats of masses 
as now determined ; and diemically equivalent masses 
would be the atomic weights, so called. It is important 
to note that the determination of masses on the basis of 
gravitation, in preference to their valuation on the basis 
of tiiermal, chemical or other physical action, is a mere 
matter of convenience, and is not |n any {uoper sense 
founded on the nature of things. 

' Bat, apart from this, and looking to tiie ordinary 
method of determining the mass of a body by its 
wOight, the relativity of mass. is equally manifest. The 
weight of a body is a fimftion, not of its own nuus 
akme, bat idsq of that of the b^y or bodies by which 
it.is attracted) add. of tiie Stance between them. .A 
body u^jbsefWeight, as ascertained by the iQning>b^- 
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once or pendulnm, is a pound on the surface of the 
earth, would weigh but two oun^ on the moon, less 
than one fourth of an ounce on several of the smaller 
planets, about six oimcos on Mars, ^o and one half 
pounds on ^Tupiter, and more than twenfy-seven pounds 
on the epn. And while thje fall of bo^es, in vacua, 
near the surface o£ the earth amounts to about sixteen 
feet (more or less, according to the ktitudc)*4mvng 
the first second, their corresponding fall near the sur* 
face of the sun is more than four hundred and.thirtj- 
4ve feet 

The thoughtlessness with which it is assumed by 
some of the most eminent physicists that matter is 
composed of particles whidi have an absolute primor- 
dial weight persisting in all positions and under all cir- 
cumstanbes, is one of the most remarkable facts in the 
history of science. *‘The absolute, weight of atoms,” 
says Professor Bedtenbacher,* “is unknown” — his 
meaning being, as is evident from the context, and from 
the whole tenor of hut discussion, that our ignorance 
of this absolute weight is due solely to the practical 
impdssibiliiy of insulating an atom, and of contriving 
instruments delicate enough to weigh it. 

There is nothing absolute or unconfliticndd in the 
world of objective reality. As there is no absolnte 
rtandard of quality so there is no absolute measure of 
duration, nor is thne an absolute system of codrdiimtes 
In space to which the positions of bodies and their 
be referred. A physioal ms jMr se and a 
^yricsl constant are alike impossible, for all |diyincd 
nxistesuib iresdres itself into 'action and resciion, and 
iMSfiou impo^ change. : ; 



CHAPTER Xm, 

THE THEORY OF THE ABSOLUTE FINTTUDE OF THE WORLD 
AND OF SPACE. — THE ASSUMPTION OF AN ABSOLUTE 
MAXIMUM OF MATERIAL EXISTENCE AS A NECESSARY 
COMPLEMENT TO THE ASSUMPTION OF THE ATOM AS 
ITS ABSOLUTE MINIMUM. — ONTOLOGY DJ MATHBMATV 
lOS. — ^THB REIFICATION OF SPACE. — ^MODERN TRANS- 
CENDENTAL GEOMETRY. — ^NON-HOMALOIDAL (SPHERICAL 
AND PBEUIK>SPHER1CAL) SPACE. 


It was diown in the last chapter, that the theory, 
according to which space and motion are real only on 
condition of being absolute, involved the assumption of 
the existence of an absolutely fixed point of reference in 
space, and that this again of necessity led to the doctrine 
of the absolute finitude of the universe. Although 


the connection between this doctrine and the prevalent 
ontological theorems respecting space and motion has 
not hitherto, so far as I am aware, been pointed out, 
the doctrine itself has been vaiiou^y suggested in the 
inter^ts of cosmological speculations founded upon the 
atomo-mechanical theory, as a means of escape from 


certain inevitable consequences of this theory With which 
th<^ spejCfulatioris are found at last to conflict. And 
it has recently been larged by eminent mathematicians 
: npon conriderations tespec^^ nature of space 

;ahd, Ted qf spaeO-i^lations. 

4^ aiserfton jf the absolute 
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finitude of the material universe is a logically i];)tegral 
part of the general assertion that whatever is real is 
absolute, wd that the assumption of ^ absolute maxi- 
muift of material existence is a necessary complement 
of the assumption of its absolute minimum, the atom. 
The first explicit announcenrent of a scientific belief in 
this maximum apj^ears to have been made by C. F. 
Gauss, in one of his letters to Schumacher,* i& which 
he discusses the attempts of his Transylvanian friend 
Bolyai and of the Bussian geometer Lobatschewsky to 
Ifound a geometrical system which should be indepen- 
dent of the Euclidean axioms in regard to parallels. The 
hints thrown out by Gauss ^in the letters just referred 
to, as well as in various parts of his other writings, f 
have, within the last twenty years, been fruitful of a 
discussion respecting the nature of space, the foundar 
tions of geometry and the origin and import of geomet- 
rical axioms which has already produced an extensive 
and rapidly increasing literature.^ The first effective 

* Gsubb, Briefwochsel mit Scbtunadier, yoL ii, pp. 26S-271. 

t . Cf. ** Disqaisitiones generales circa seriem infiaitam 1 etc. 

(ComnL recent, Soe. Oott, ii, ISll-'lS); Tfaeoria reBidaoram biqpad* 
xatieortim Gammentatio eeeunda ” (ib,, Yii, 1828-32). To those irho are 
familiar with Herbart’s theozy that our idea of epatisl extensum is a psy* 
oholhg^l elaborate of qualitatiTe data, i. e., of eensations which are ia 
themaeWea without exteuBion, it will not appear improbable that Gfausfl'a 
mathematical tranBoendentaliBm was to Bome extent due to the epeeola- 
taouBof his epUeague in the philosophical ikculty of Goettingen, although 
Oaw habitually professed great contempt for the Herbartian system— 
an Deaqprtea was influeuced by the teachings of his antagonist 
vdaMendi. The connection of Gauss’s metageometrieal or (to use the 
itt:|«esBiim of Lobatsdidwslcy) pangeometrical views with bis investiga* 
4ie|nt rerpMiag the geometrical isterpietation of imaginaiy quantities 
ai^ the .theory of complex numbers” is apparent* 

I' IIX.13b^U>adt Bibliography of Hyper-Spaoa and noft-Ea4iUeBiii ^ 
ometaT; AmeErim Jounud Matbes^ioB, yoL i, pp* 261 
1 ^.; ^ . 



TRANSCENDENTAL CEOMETRT. 209 

impiilse to thig new departure in the walks of mathe* 
maticA tKeorj was ^ven bj Biemann in a remarkable 
dissertation * read before the philosophical faculty of 
Goettingen, Jun# 10, 1854 (published by D^ekind in 
1866, after Biemann’s death), and by Helmholtz an 
equally remarkable essay.f published two'years later. 
These publications haye silice been followed by numer- 
ous articleB, pamphlets and books expository of the 
doctrinds thus advanced, and, as was to be expbcted, 
there has been no lack of writings in which these doc- 
trines have met with criticism and denial 

m 

The articles of the new geometrical faith are cer- 
tainly startling. Among them are propositions such as 
these : that our ordinaiy*** Euclidean ” tridimensional 
and **homaloidal” (flat) space iNbut one of several pos- 
sible forms of space ; that the preeminence this Eu- 
clidean q>ace among other forms of space can be main- 
tained upon empirical grounds alone, and, in the sense 
of the logical and p^chological tenets of the sensation- 
alist school, depends solely upon the accidents of no- ' 
tional association, which may be (and, in the opinion of 
some enthusiastic advocates of the new doctrines^ have 
been) overthrown by the discovery that the existence of 
additional dimensions is a necessary inference from cer- 
tain facts of experience which can not otherwise be ex- 
plained — ^just as the third dimension of space is said to 
be, not directly perceived, but simply inferred from 
&miliar facts of visual or tactual experience for whose 
explanation the third dimension, is an indispensable 

’■ ’ * Veber ^dio HypoUiesai wdebe der Oeometrie sa Orunde liegen (Ab- 
bandhu^^ ^ Kg!. Gesdbdia^ der W1aBeiie<diafte& an Goettingeii, 
.ToL iHi, p. 188 teq,). 

^ '0eber die Thataadmi ^ der Oeometrie lo Onmde Uegen (Nadi' 
ricwma der KgL UeaeUedi^ der Wlisenecbeftee su QoetUi^eii, 1888, 

^ ailtDe 8)** * ' , ' 
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postulate ; that trae and real space, therefore, has, or at 
least, for anght we know, may have, not three^but four 
or even a greater number of dimensions ; that the space 
in which u(e move is, or may be, not hOmaloidal or flat, 
but essentially non-homaloidal, curved, spherical or 
pseudo-spheifcal, so that eve;ry line, which we have 
hitherto n^urded as straightf may upon sufficient pro- 
longation prove to be a closed curve ; that, by reSi^on (A 
the inherent and essential curvature of space, the uni- 
verse, though unlimited, may be, 'and jnrobably i^ not 
infinite, but finite ; that on the supposition of the pseu- 
do-spherical character of space, a who^ pencil of 
shortest lines ” may be drawn through the some point, 
all which are parallel to a gifen other shortest line” 
in the sense that they will never intersect with it, how- 
ever far produced ; that not only the measure of curvar 
tore of space, as well as the number of its dimensions, 
may be, and probably is, different in different spatial 
r^ons, so that no valid inference can be drawn, from 
our experiences in the regions in which we happen to 
dwell, as to the curvature or the dimensions of space 
immrasnrably distant or immeasurably small, but that 
in any given region both the curvature of space and 
the degree or number of its dimension^, may be, and 
probably is, undergoing a gradual transformation, and 
so on.* 

• 

* llie more.eantioiti pangecmieten have of late evkoed a dispoaitiim 
to dome of the doctrines aibore enumeiated, partiealarlf tboso 

felall^totbe Inoreasein thie number of spa^ dimensioiisand to local 
^ttlSeraideeii dwogee In the eonatitutioii of apace, aa iiimitloita of 

^f persona who are oanted away 

tbcfl^ nrffiitsiiu^ X tea; be pardonett, therefoie, for dtix^ a pasaajf^' 

oertatolyieadj.eo^^ 

^bodk I-qaoto-feaie' .to on aobriety k 

.|||gM|blk^a('|Mis^ mjf, ia ^ oriidda,l)e «« 
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Howerer dissonant from the teadiings of our fa- 
miliar e:^rience tlihse propositions s^n, it is claimed 
that they are by no means without emprical warrant. 

of mind for fiurveyi^ the ‘^HiiBeen UniTerse”): "The* properties of 
space,*’ says Tait, "i&ToMng (we know not why) the essential element 
of three dimensions, have recently been subjected to if careful scrutiny 
by math^atidans of the highest ^rder, such as Riemonn and Helmholtz ; 
and the residt of tluiir inguiries leaves it as fiit undecided valk/eKher 
fnmy or ^ay not have precisely the same properties throv^hout the diverse* 
To obtain an idea of what is meant by such a statement, consider that in 
crumpling a leaf of paper, i^hich may be taken as representing space of 
two dimensions, we may have some portions of it plane, and other por- 
tions more or less c^Undrlcally or conically curved. But an inhabit At 
of such a sheet, though living in space of two dimensions only, and there* 
fore, we might say beforehand, incapable of appreciating the third di- 
mension, would certainly feel some difference of sensations in passing 
from portions of his space whidi were leas to other portions which were 
more carved. /So it is possible thatf in the rapid march of tho solar system 
through spaoe^ toe may be graduaUy passing to regions in whtdi space has 
not precisely the same properties as we fnd here^where it may have some- 
thing <fi three dimensions analogous to curvature in two dimensions--*some- 
thing^ infoot^ which will necessarily imply a ftmiif/rdimerwiane^ of 
form in portions of matter in order that they may adapt themeelves to thHr 
new locality P. G. Tait, On Some Recent Advances in Physical Sdence, 
p. 5. Tsi keeping with this passage is a note of the distinguished mathe- 
matician, Professor J. J. Sylvester, to his opening address to the^Mathe^ 
matical and Physical Section of the British Association at Ibrnter, in 
18d9, as follows; "It is well known, to those who have gone into these 
views, that the lairs of motion accepted as a fact sufBce to prove in a 
general way that the space we live in Is a flat or level space (a * homa- 
loid ’), our existence therein being assimilable to the life of a bookworm 
in the flat space ; but what if the page ehould^e undergoing a proem of 
gradual bending into a curved form f Mr. W. K. CUfford has indulged 
in remarkable speculations as to the possibility of our being able 
to infer, from certain unexplained phenomena of light and magnetisnit 
the fact of our space of three dimensicniB being in the act of under* 
going in apuob of foor Anentions toaoe as InoonoArable to ns as our 
^00 to pur siipposititious ^bookworm) a distortion andogons to the ruin- 
^ JWI®* I fawiw Asre are many who, like my honored and 
, fictod^ ihe ^te eminent Professor Jponkln, regard tiie 

jf g^eiadMlsimce as mdj a disguiied form of algObral^ 
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It ia insisted that there are nnmeroTiB optic, magnetic 
and otlier physical phenomena of Which they ^ield the 
only sufBcient explanation. Moreover, it is said that 
they ^one<> afford a clew to the myst^es of modem 
spiritism, enabling ns to bring within the chain of nat- 
ural causation certain magical/ performances which we 
should otherwise be (^nstraine^.to relegate to the regions 
of the Supernatural. In the first article of the first nmo- 
her of the American Journal of Mathematics, Professor 
Simon Kewcomb demonstrates analytically that, if a 
fourth dimension wore added to space, a closed material 
surface (or shell) could be turned inside out by simple 
fiexnre without either stretching or tearing,” Felix 
Klein having shown, some time before, that knots can 
not exist in a four-dinlensional space. Accordingly, 
Professor Zoellner accounts for the well-known feats of 
the Ameiucan “ medium ” Slade on the principle of the 
fonrth dimension — one of these feats, however, strange- 
ly enough, consisting in the production of real trefoil 
knots in a rope the ends of which were sealed together 
and held in Zoellner’s hands. And, finally, it is aa- 
serted*%hat the theorems of Lobatschewsky, Biemann, 

cal foniniliHitian ; bot the aante ndght be said with ^nal tnitb of car 
nodon of infinity in algebra, or of impossible lines, or lines nwjring a 
aero an^ in geometry, the otiUty of dealing with which as poiddre sab- 
stantiated notions no one be found to dispute. Dr! Sdmoa, in his 
ezteutions of Chasles’s theory of eharaeteristies to snifhoes, Ur. CltBord 
in a qnestlon of probability, and myself in my theory of partitions,, and 
alsoln.my neper on Baryoenttic Projection,, in the FhilosoplAial Uagube^ 
ha^ ifl fOHisnd W'^ evidenee of tiie'praietieal utility of handling spsco - 
of 'low dlmeaSfams as if it were oOncdndtle spaee. Moreorer, U Sbioaid 
be borne in mind, that erery perBpeot|re representation of l^iured space 
' of four dimWtoBS hs a figure. In real space, and that' the ptopoties of 
adjsdt oi bting (tinned, to a gr^ estent, If not wsaplstei^^iit 
penpedtiro eftpreaentathms." NstsM,^y<d. i, p. Sfif se^ itst 
;||i^'inthesl^epsfSiMgeaaieinfa^ . « 
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H<;l|ph(^ltz and Beljatoni,* are the only true basis of a 
proper and exhaustive theory of parallelism. In the 
fnllnesB of th^r faith in the impregnability of these 
positions, the votaries at the shrine of geontetricgl tran> 
soendentalisin make bold to announce ^at, with the 
appearance of Lobatsch^sky’s “ Geometrical Investiga- 
tions,^ t a new era has dawned upon the mathematical 
world, and that in the daylight of this era the whole 
body of geometrical truths will be reduced to simplicity 
and elder in a way analogous to that in which the the- 
ory of celestial motions was simplified and cleared mp 
by the gresA thought of Copernicus. “What Yesalius 
was to Gkden,” exclaims Professor difiord,:^ “what 
Copemicns was to Ptolemy, that was Lobatschewsky to 
Euclid.” 

The debate between the disciples of thd new tran- 
scendental or pangeometrical school and the adherents 
of the old geometrical faith presents one feature which 
can not fail to strike the ordinary observer with some 
amazement. The disciples of the new school take their 
stand .firmly upon empirical ground ; their very first 
proposition is t^t all geometrical truths are of *empiTi- 
eal ori^n, and that all we know of space and its prop* 
erties is wl&t we are taught by sensible experience. 
This proportion and the consequent denial of the 

* An Italian mathematiciati who has inwostigated the properties of 
pseado-spherkjat surfaces, wlddh are distinguished from other surfaces of 
iSPfistaiit ouiratute the faCot that thej admit of a sort of parallelism, 
ilt tile teimsoendeiitai sense, between their ** straigfatest lines.” A refer- 
€(ioe to Beltrami’a widtings and a brief exposition of their contents maj 
be^sund in Hefniholti*e essay on " The Onegin and Hfeaning of iSeometri* 
itel IQtt^ vol. 1, ]». 80»f 

f Gemetrisdbh Uatorsuehimgen lur Theorie der Parallellinien, '▼on 
SKeolHift liOhatsobewsky. Sl^n, Fin^e^sdie Bochbandluag, i&4Q. 

FhtiosMhy of the Ttre SeiM^ Vf* K. CUfford^s Leetores and Stk 
‘ T®. 4 p, SHI7. ■ ■ f . . ; 
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transcendental origin of geometrical axioms are empha- 
zised by Biemann and Helmholtz alike. And yet, upon 
tins foundation they construct a theory whidi lands us 
in the, remotest regions of transcendentalism — ^in the 
realms of a pietageometrieal space in which all our 
wonted powers of imagination and conception are at 
fault and in which the facts of every-day experience as 
well as their natural relations are wholly out of ttig^ti 
On the other hand, the most conspicuous champions of 
the old geometrical creed, in their defense of the famil- 
iar>data of sensible experience and in their antagonism 
to the ‘Wagaries” of transcendental geometry, invoke 
the doctrine of the non-empjrical or transcendental 
migin of our ideas of space and its essential relations. 
The pangeometers erect ''a transcendental structure on 
empirical foundations, while the ordinary geometers 
bnOd a system conforming to the data of experience 
upon transcendental grounds. This circumstance, how- 
ever, strange as it appears at first sight, will hardly 
surprise the thoughtful student of the history of theo- 
ries of cognition, or the intelligent reader of the pre- 
ceding {ages. It is by no means rmusual to find lhat 
ontological speculations, whether they appear in the 
gniae of physical or in that of metaphysSoal theories^ 


prove subversive in the end, not merely of the facts for 
.. whose erqrlanation th^ were devised, but of the very 
supports by whidi are supposed to be u{diel<L 
ITaivhig indicated, generally, the purport and ecope 


of j&a1^raiii(^dental theory of space, I now, proce^ tb 
of. the premisses upon wlfidi it 
; 8^4. l^ asgumertts by w^hidi it is sought to be 

4^e outset^ wf sii. assuopd^o^; 
i^^ocn^^.lieii'' at th^.^se.i^ttim 
K' aasanipldfe' A spd^; a W, 
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not merely an object of experience, bnt an independent 
object df direct sdbsation whose properties may be as- 
certained by the aid of the ordinary mstruments of 
physical and adtronomical research — ^whose d^ree of 
cnrratare, for instance, is to be determined by means 
of the telescope. This •assumption is explicitly stated 
by eadi of the three great expouq^ers of the theory in 
question. The only means at our command,” says Lo- 
batschewsky,* to determine the accuracy of the prop- 
ositions (calculations) of ordinary geometry consist in 
an appeal to astronomical observations.” To the same 
effect Biemann : f “If we assume that bodies exist in- 
dependently of their location in space, the measure of 
curvature (of space) is everywhere constant ; and ihm 
it f<dUm8 from afgtronomi(xd*mea8mements that it is 
not different from zero.” And in the same sense 
Helmholtz::^ “All systems of practical mensuration 
that have been used for the angles of large rectilinear 
triangles, and especially all systems of astronomical 
measurement whiclii make the parallax of immeasurar 
bly distant fixed stars equal to zero (in pseudo-spherical 
space ffie parallax even of infinitely distsmt* points 
would be positive), confirm empirically the axiom of. 
parall^ and diow the measure of curvature of our 
space thus, far to be indistingniBhable from zero. It 
remamt^ howeoer, a gu^tion, as Riemcmn dbaeroed^ 
whaUur ^ remdt migM noi he ^differemt f toe covid 
^ fdker than our limited haseHnea, greatest of 
ie^ maj^or aaoie (f the eartRe othU” 
yieW tllus taken of the nature of space and of 

.. TTntergiirfiungpn, eto., p. 60. 

eta, Abha^ dar G a M Hwheft ■ te 
'Qeelittoffln, voL xfii, p. 148. . 

' of !(3eonietricalAzioau,’*Hiad, Tolt. I, 
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the origin of onr notions concerning it is obvioasly in* 
dicative of a decided advance beycftid the farthest out- 
posts of the old sensationalist camp. NevertheleBS, it 
is saj^rted in the main by a referencb to the writings 
of a British thinker, J. S. Mill, who has been repeated- 
ly referred tb in these pages,, and who is regarded, es- 
pecially on the Continent, ak the ablest modem ex- 
pounder and defender of the doctrines of sensational- 
ism, so &r, at least, as tiiey bear upon the subject now 
under consideration.* Stated in brief words, these 
d<]ctrines are that the idea or notion of space is directly 
derived from sensible experience ; that t^^e properties 
of space are to be determined by observation or ex- 
periment ; that the fundamental troths of geometry, 
like all other truths of ‘^physical science, are of induo- 
tive origin and warrant ; and that the certainty to be 
attributed to geometrical theorems, though possibly 
different in degree, is not different in kind from tiiat 
belonging to any general assertion respecting physical 
facts. The peculiar tenets of pangjBometry being thus 
founded, in great part at least, upon the general sensa- 
tionalist theory, it wiU be useful to enter upon a brief 
, examination of this theory before I proceed to discuss 
the pangeometrical tenets themselves, for this pur- 

* I do not mean to say that Biemann and Helmholti thenuKATes di- 
roetly refer to Mill. Bat there are few German physidsts and mathema- 
tidone who haye not been iflUgent students of Mill’s Log^ partioularly 
dnee the appearance of SohiePs translation and the extraTSganl praises 
of 'Ideldgvsnd this is quite apparent in most of the wtitingil of ihs 
^psngeonseters. The interest with whii^ each new edition of Mffl’s Lpii^ 
has been reedyed by sdentific men everywhere is maittly due» dcnilMfeBS^. 
to Its refbmoes to sd^ results. The -fast U, 

llmt WM hiu^ fora ci years, bm the oiBdal logiden an^ 
p^i^ <0f the thmdnen^l natmliits and mathemstidiuiSi end the ^ ^ 
by eonl»powy-’»en of sdmm'fs'^nc^; 
'e^||^^tlle eiir^ meddmyii Ki|iot8S|iei' ; 
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pose I select an exposition of the theory in the booh 
abofe il^eired to,*the System of Logic of J. S. Mill, 
in which the fifth chapter of the second hook “On 
Demonstration %nd Kecessaiy Truth ” contains an elab< 
orate statement of the author’s views on the haras and 
methods of geometricaLscience. * 

“The foundation of 111 fibiences, even deductive or 
demonstrative sciences,” says Mill* “is Induction; 
every ‘step in the ratiocination of geometry is an act of 
induction. . . . The character of necessity ascribed to 
the truths of mathematics, and even (with some re^er- « 
vations to ^e hereafter made) the peculiar certainty at- 
tributed to them is an illusion; in order to sustain 
which it is necessary to Oppose that those truths relate 
to, and express, the properties of purely imaginary ob- 
jects. It is acknowledged that the conclusions of ge- 
ometry are deduced, partly at least, from the so<»Ued 
Definitions, and that those definitions are assumed to 
be correct representations, as far as they go, of the ob- 
jects with which gepmetry is conversant. Kow, we have 
pointed out that, from a definition as such, no proposi- 
tion, unless it be one concerning the meaning of m word, 


can ever follow ; and that what apparently follows from 
a definition follows in reality from an implied assump- 
tion that there exists a real thing conformable thereto. 
This assumption, in the case of the definitions of geom- 
etry, is not strictly true ; there eS^t no real things ex- 
. actly conformable to the definitions. There exist no 
pmts witiiout magnitude ; no lines without breadth,, 
ndr pieifecAly straight ; no circles with all their radii 
e^tly equal, nor sqnare^with all their angles perfectly 
; right. It wiH pra'haps be srad that the assumption does 
extend to the aetual, but only to. the possilde, radst- 
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eoce of such things. I answer that^ according to any 
test we have of possibility, they bi 9^ not even possible. 
Their existence, so far as we can form any judgment, 
WOUI4 seem to be inconsistent with the'' physical consti- 
tution of our planet 1at least, if not of the universe. To 
get lid of this difficulty, and at the same thne to save 
the credit of the supposed system of necessary tfath, it 
is customary to say that the points, lines, cirdes, and 
squares whidi are tiie subject of geometiy exist' in our 
conceptions merely, and are part of our minds ; which 
mauds, by working on their own materials, construct an 
a priori science, the evidence of which iscpurely men- 
tal, and has nothing whatever to do with outward ex- 
perience. By however high authorities this doctrine 
may have been sanctioned, it appears to me psychologi- 
cally incolrect. The points, lines, cirdes, and squares 
which anyone has in his mind are (I apprehend) simply 
copies of the points, linos, cirdes^ and squares whidi he 
has known in his experience. Our idea of a point I 
apprehend to be simply our idea ot the mimmwn, viei- 
hUe, the smallest portion of sulface which we can see. 
A lin^ as defined by geometers, is wholly inconceivable. 
We can reason about a line as if it had no breadth ; be- 
cause we have a power, when a perception is present to 
our senses, or a conception to our intellects, of attoladmg 
part only of thi^ perception or conception, instead 
of the whole. But we can not ootieeive a line without 


laeadl^; tro can form no zn^ial picture of siu^t a. 
lipe J li^ which 'we have in our minds 

If any (me doubts this, we 
liim to ^ own expe^oc. I imuih qtifisti<m if, 
he cw conceive what.is 
jhiala item ■ the evj^olMie ' 
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that, tinlesB such a conception were possible, mathematics 
could *noir exist as a Science : a supposition which there 
will be no difficulty in showing to be entirely groimd- 
lesB. 

** Since, then, neither in nature; nor in^the human 
mind, do there exist any objects exactly corresponding 
to the definitions of geometry, whjle yet that science 
can nottbe supposed to be conversant about nonentities, 
nothing* remains but to consider geometiy as conversant 
with speh lines, angles, and figures, as really exist ; and 
the definitions, as they are called, must be regarded as 
some of our first and most obvious generalizations con- 
cerning those natural objects. The correctness of those 
generalizations, m generalizations, is without a fiaw; 
the equality of all the radii of a*oircle is true of all cir- 
cles, so far as it is true of any one : but it is n^ exactly 
true of any circle ; it is only nearly true ; so nearly that 
no error of any importance in practice will be incurred 
by feigning it to be, exactly true. When we have occa- 
sion to extend these inductions, or their consequences, 
to oases in which the error would be appreciable — ^to 
lines of perceptible breadth or thickness, paraUels ^hich 
deviate sensibly from equidistance, and the like — ^we 
correct our conclusions by combining them with a fresh 
set of propositions relating to the aberration ; just as we 
also ti&e in propositions relating ^to the physical or 
chemical properties of the material if those properties 
happop to introdnee any modifi.cation into the result; 
whi^ t];tey easily may, even with respect to figure and 
tni^tnde, as in tim case, for instance, of expansion by 
%), long, however, as therp exists no practical 
neoettdty for attending to any of the prop^ies of IhC: 
ekeept its geonietrical properties, or ^y <4:'^:'= 
infhos^itj^oontrement toiw^irt ' 
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the consideration of the other properties and of the ir* 
regnlarities, and to reason as if these did not*exik : ao> 
cordinglj, we formally announce in the definitions that 
we yitend to proceed on this plan. But it is an error 
to suppose, because we resolve to confine our attention 
to a certain number of the properties of aii object, that 
vte therefore conceive, or have an idea of, the object, 
denuded of its other properties. We are thinking, all 
the time, of precisely such objects as we have seen and 
touched, and with all the properties which naturelly be- 
long to them ; but, for scientific convenience, we feign 
them to be divested of all properties, except those which 
are material to our purpose, and in regard to which we 
design to consider them. 

“ The peculiar acefaraey, supposed to be character- 
istic of the first principles of geometry, thus appears to 
bo fictitious. The assertions on which the reasonings 
of the science are founded do not, any more than in 
other sciences, exactly correspond with the fact; but 
we suppose that they do so, for the sake of tracing the 
consequences which follow from the supposition. The 
opinion of Dugald Stewart respecting the foundations 
of geometry is, 1 conceive, substantially correct; that it 
is built on hypotheses ; that it owes to this alone the 
peculiar certainty supposed to distinguish it; and that 


in any science whatever, by reasoning from a set .of 
hypotheses, we may obtain a body of conolunous as cer- 
tain as those of geometry, that is, as strictly in accord- 
unce with the hypotheses, and as irresistibly compellit^ 
asM^t^ on oondHion that those hypotheses are tme.” ; 


I heye ^noted this pasfage, from MiH^s Logic,, at 
npt .:;pnly becanse it is the most elahorate shd 
no||he<^ted fintement of the seMa^onalist theoriee ^n- 
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the truths of geometry, but also because this statement 
exhibits Certain pechharities that are worthy of atten- 
tion. One of these peculiarities is the concession that 
the mind has the® power of abstraction, and ctf forjning 
and reasoning about generalizations which, “ ^«generali< 
zations, are without a flaw.” The inconsistency of this 
admissfon with the claim tW the points, lines, circles, 
and squares which any one has in his mind are simply 
copies ol ilie points, lines, circles, and squares which he 
has known in his experience,” is evident. And this 
inconsistency has not escaped the notice of other pro- 
moters of th€b experiential or sensationalist doctrine, as 
is shown, for instance, in ^the writings of Mr. Buckle, 
who does not hesitate to draw tlie true conclusions 
(from which Mill himself appeafs to recoil) from Mill’s 
premisses. Buckle not only boldly asserts that there 
are no lines without breadth (he strangely forgets the 
thickness), but also that the neglect of this breadth by 
the geometrician vitiates all the results of geometrical 
inference, the only cgmfort vouchsafed to us being that 
the error, after all, is not very considerable. “ Since, 
however,” he says,* “ the breadth of the faintest line is 
so slight as to be incapable of measurement, except by 
an instrument «uBed under the microscope, it follows 
that the assumption that there can be lines without 
breadth is so nearly true that our^senses, when unas-* 
sisted by art, can not detect the error. Formerly, and 
until the invention of the micrometer, in the seven- 
teenth <^ntury, it was impossible to detect it at alL 
Hence, the conclusions of the geometrician approximate 
8b closely to truth that wei are justified in accepting 
them as triie. The flaw is too minute to be perceived. , 

a History of (XvSiiEBtiba InSnglaiML. vol. 0, p. 342 (Applatoas' Anifi^ 
8aa^ sd l |tlmi y ' ^ 


B2 
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But that there is a flaw appears to me certain. It ap* 
pears certain that, whenever somls^ung is kept bwk in 
tlie premisses, something must be wanting in the con- 
clusipn. in all such cases, the field ol inquiiy has not 
been entirely covered ; and, part of the preliminaiy facts 
being suppressed, it must, I think, be admitted that 
complete truth be unattainable, and that no problem in 
geometry has been exhaustively solved,” • 

Whether Buckle was able to think of a line as the 
limit between two surfaces, and whether, in his opinion, 
such a limit has breadth (i. e., is itself a surface, so that 
we are driven from limit to limit, ad infinitnmi), he 
does not tell us. Nor doeEj he say whether or not, in 
view of the fact that the breadth of a line depends upon 
the material out of which it is constructed, or upon 
which it is drawn, there ought to be a pasteboard geom- 
etry, a wooden geometry, a stone geoinetry, and so on, 
as ^tinct sciences. 

To do justice, howerer, to Mill and the subject 
under discussion, we must keep Jbefore us Mill’s own 
statement. Betuming, then, to his exposition, the 
questiion arises at once : What does he mean when he 
says that none of the elements of space exist in fact as 
they are considered in the science of geometry— ^tbat, 
for example, there exist no lines perfectly straight! 
The only possible ipeaning is that none of the straight 
lines, so called, of which we have wperienJkicil knowl- 
edge, are congruent with the straight Hues of which we 
. luiveief^ knowledge — ^that they do ^t conform to the 
istapda^ #raiS^ line in onr minds. But MiU . asse^ 
^hai lines, etc., whioh any one haainhiat&iDd, 
cptdes of the lines whidr he hat lamwn ih; 

There ' is no s^dard, 
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And from which they can' be shown to be divergent. 
ThiiB*MiH’6 theory M^s down with the very first fact 
which he brings to its support.* This is no mere cap- 
tious criticism. €t is a simple exhibition of the utter 
senselessness of the premisses from which Mill’s* con- 
clusions are^irawn. The whole foundation T>f his theory 
crumbles the moment it is^ouched. ^ And, upon further 
examir\A.tion, it is found that he entirely mistakes the 
significance of the facts which he adduces. The real 
import of Mill’s assertion just referred to is very differ- 
ent from that which he ascribes to it. The truth whigh 
lies at the bo|tom of that assertion is that we have no 
experiential knowledge, in Mill’s sense, of lines, circles, 
squares, at all. We have experiential knowledge of 
so-called straight rods, cords, ^dges, or grooves, of 
spherical and cubical bodies with circular ^r square 
sections or sides; but our knowledge of points, lines, 
surfaces, and geometrical solids is obtained solely by 
the process of abstraction. Nothing is clearer and more 
readily demonstrable than that the elements of geomet- 
rical science— the foundations upon which the science 
of geometry rests — can not have been obtained 4)y in- 
duction, and that, a fortiori^ it can not be true, as Mill 
contends, that;, every step in the ratiocinations of 
geometiy is an act of induction.” Induction is a cu- 

* 80 ftoute a thinker as J. S. Mill woS blind to the many incon- 

sistencies and absurdities isith which his Logic and parts of his other 
writings abound, is explicable solely by the fact that he took Ids theory of 
cognition . upon trust as ia sacred inheritanoe from his father, who, in turn, 
had derived it from the French and English nominalists and s^isaticnal* 
ists of the seyepteenth and eighteenth centuries. .The doctrines <d! these 
scsisatlonaJiSts wefe necessarily cru je, because they originated at a tin^ 
wheii rathmal was in Its infancy and comparative psydiology 

was -not thought of ;, and they were extravagant because they eioti 

C'lll^oen^ the aotsgonismf of an equally extravagant realiyot. 
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inulation of instances in all of which the same element 
or feature is found along with other elements or feat- 
ures. But no one has ever seen two bodies whose 
■edges, though 'called straight, did not pi’ove to be broken 
in d^erent degrees when examined with sufficient 
magnifying ‘power. Experience furnishes- no two in- 
stances presenting J;he feature of straightness «in the 
same degree. Much less has any one seen a great num. 
ber of bodies whose edges were exactly coincident. 
The same thing is, of course, true, mvitatia 
of, points, curves, surfaces, and solids. The divergences 
between their figures as well as their magnitudes become 
more apparent in proportion to the magnifying power 
with which they are examined. And their true figures 
are wholly undiscoverable by any magnifying process 
at bur command. The truth is, tW we never get sight 
or come into the actual presence of a true and complete 
geometrical fact. It is simply nonsense, therefore, to 
say, with Mill, that the points, lines, surfaces, solids, 
etc., with which the science of ^geometry deals and 
respecting which it is able to draw valid deductions, 
are renA (L e., physical) and not ima^nary points, lines, 
surfaces, and solids, and that the points, lines, surfaces, 
and solids in our minds are copies of them. It is true 
enough: that the geometrical elements are not imaginary, 
because they have reference to real facts ; nor are they 
in any proper sense hjfpoithetioalj as is contended by 
tlngald Stewart ; tliey are omoeptuaL, the results of 
al^8ci»^ If it were otherwise, deductive geomet- 
licsal isjiiooination — and, indeed, any other kind' of rea?- 
iiOnthg; piwp^ly so called — yould be utterly impo^ble. 
All dbddcilve reasoning depends upon the pow^ of 
Atid this truth u applicable, not duly to 
nmthematies ^generally, hut to 
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sciences whatever. This is so for two reasons : In the 
first |>laoe, no phjrdk^ thing (or historical event) ever 
becomes experientially known to us with all its prop 
erties, relations, %)r incidents ; sensation &nd*pcrception 
never famish the intellect with a complete fact. *And, 
in the second place, as I have heretofore shown, in 
dealing with the facts, so 'called, obtained at the hands 
of sensible experience, the intellect is restricted tp cer- 
tain definite relations which it segregates or abstracts 
from other relations. In the processes of discursive 
thought, the intellect never has before it either sensible 
objects or tjie whole complement of relations which 
make up their mental images or representations, but 
only some single relation or class of relations. It oper- 
ates along TAnes of abstractions the final synthesis of 
whose results never yields anything raoi'o than outlines 
of the objects represented. During all its operations 
the intellect is fully aware that neither any one link in 
the chain of abstraction nor the group of abstract results 
which we call a concept (in the narrower sense of a 
collection of attributes representing an object of intui- 
tion or sensation) is a copy or an exact counterpart of 
the object represented. It is always conscious that, to 
bring about ffue conformity between concepts or any 
of their constituent attributes with forms of objective 
reality, the group of relations embodied in these con- 
cepts would have to be supplenfbnted with an indp 
terminate number of other relations which have not 
been apprehended and possibly are insusceptible of 
apprehenrion. Dut this nowise affects the validity of 
the inteHectual operatiem.^ The mathematician, when 
he detenninee the properties of a conic section, knows 
full well that he will never meet with a body who?o 
^eome^eal ou^e ii an exact exemplification of ' the 
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law of the conetancy of the ratio between the dietanoea 
of any one of its points from a fi^^ed point aiid a lixed 
Straight line respectively, and that there is in nature no 
trajet^tory which strictly coincides with such a carve. 
But this knowledge does not in the least degree disturb 
his faith in tibe perfect validi^ of his reasoning. When 
he comes to apply the results of this reasoning t6 a nat- 
ural fact, he supplements it, as well as he can, with the 
results of other processes of reasoning based upon other 
known relations of the same fact, and thus approaches 
the fact as ne.arly as possible, nothing daunted by the 
ever-present reflection that he will never succeed in 
coming into the actual presenpe of the whole fact with 
all its relations. 

It is obvious that the conformity of the results of 
abstract or conceptual reasoning to the data of experi- 
ence is in direct proportion to the degree of indepen- 
dence of the relations dealt with from the other relations 
which constitute the conditions of real existence in the 
object represented in the operation lof thought. Herein 
lies the preeminence of geometry among Uie phjrsical 
sciences. In tiie physical sciences usually so the 
relations about which these sdenoes are conversant are 
dosely interdependent; the thermal, electric, magnetic, 
optical, and chemical properties of a body in various 
ways determine each other. If the nature and d^ree 
of this interdependence were accurately known and 
could be brought within the reach of exhaustive con- 
• eeptnal aha^is, these scimees would become deductive 
to the sant^ extent to which the science of gemrietry is 
dedu^m : All the physiciil sdences are consttatly 
to 'piugt^ in this , direetioii, but the prcgECjEe 
BUdbV.jts to vfkuid little hope that, the goSl here;'^* 
-be re^udved. 0ne'.rcMBbn''^^3ii|^'fl^,''’Pt'' 
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tliat tile number of newly discovered relations multiplies 
at the 8a\ne (if not it a greater) rate at which the nature 
and degree of the interdependence between the relations 
already known Ire brought to light. And the di^culty 
of determining the interdependence in question increases 
geometrically as the number of new reLtions is aug- 
mented arithmetically. 

The foregoing reflections are sufBcient, in my judg- 
ment, fo show that the sensationalist views of space and 
of the nature and warrant of geometrical truth are un- 
tenable, at least in the form in which tiiey are pro-* 
pounded by •Mr. MiU. But these reflections do not in 
the least d^ree impugn^ the general proposition that 
all our knowledge of the objective world is derived 
from experience. This proposftion appears to me to be 
undeniable, and is, doubtless, assented to, e:(plicitly or 
in some mode of implication, by every sane person at 
the present day, the only controversies respecting it 
being disputes about the meaning of terms. But the 
sensationalists, and «Bpecially, as I have already shown, 
the founders and supporters of transcendental geometry, 
advance a thesis which is to be carefully distin^itiied 
from the proposition just stated. They maintain that 
i^ace is not only objectively real, but a direct and inde- 
pendent object of sensation whose properties are to be 
empirically ascertained like those ff any other physical 
thing. This assertion has been met with the counter- 
assertion, made by the antagonists of geometrical tran- 
scendentalism, that space, like time, is not an indepen- 
desit object of sensation, but, as Sant has taught, or k 
supposed to .have ;tettght,« mere form of intuition, a 
state or conditioa of the intellect existing ind^)endentl^ 

, and in aidvai^ of all. senrible experience. The oontert ' 

of the neisr dpdtrine and their 



22S 


CONCEPTS OP MODERN PHYSICS. 


opponents has been mainlj carried on under tlie belief, 
common to both the contending parties, that th^se views 
are strict alternatives, and that no other view is admis^ 
sible or possible. Let us test these tw^ conflicting as^ 
sertions by facts of cognition about which there is no 
contest, or wnich clearly can not be contested<*on rational 
grounds. * * 

First, as to the assertion of Eiemann and Jlelm- 
holtz : if space is a physically real object, it certainly is 
not a thing outside of, coordinate with, and different 
from, other physical objects. When we say that all 
things are in space, we do not mean that they are con- 
tained in it as water is contained in a vessel, but we 
mean tbat tliere is no objectively real thing which is 
not spatially extended, 6r, according to tlie usual form 
of expression, that spatial extension is a primary prop* 
erty of all varieties of objective existence. This fact 
IB so obvious that Descartes was led by it to maintain 
that spatial extension was ^e only true essence of ob- 
jective reality. In what way, then,.BAd by wliat means,' 
do we distinguish between space and physical thinj^ 
ordinaHly so called ? Certainly not, or at least not di- 
rectly, by s^isation. DifEor^t acts of sensation ^ay 
present dlS^nt properties of the same object, and 
these properties may tlras be dissociated. But no act 
of sensation dissociates tlie extension of a body from all 
its other properties and presents the property of exten- 
sion alone, The sensationalists, however, contend (and 
' 'hBfi?B.J^iBy hK!neb upon the ground of their opponents, 
. . KBntiap idealists) that, althongh,..ihere are nQ.ph;yB- 
icid dbj]^ ‘without spafial. exte^on, and although 
•’ is in a sense a cmnmon property, of all 

:: i them objects do hc^ fiU 

pnro.spa^^ .'HuB 
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reply, to this is that this assertion, if tme, does not help 
the sensationalists. For acts of sensation are possible 
only when and where there is objective difference and 
change ; we have direct sensation of different and vari- 
able physical qualities ordinarily so calle<^ and not of 
that which'is absolutely jiomogeneous and invamble. 
Here comes in Hobbes’s law: Sentire nemper idem et 
non sdMire ad idem, redduvkt. It is preoisdy the' fact 
of its homogeneity and unchangeableness, in addition 
to tliat of its invariable presence in all physical objects, 
which distinguishes the property of spatial extension 
from all othOr properties characteristic of a real thing, 
and enables the sensationalist to speak of the existence 
of space at all. If this distinction could be obliterated 
— if the cognitive or conceptuaf barrier which separates 
the sensations produced by physical action *from the 
states of consciousness representative of space were once 
broken down — ^there would no longer be any ground 
whatever for the distinction between the “ properties” 
of space and the properties of matter in any of its va- 
rieties. 'W^e should be constrained to say that the only 
fmm or variety of objective existence is dther space of 
matter (it being a mere question' of nooiemdature 
which), and tteit all the properties ‘we no# aittrihnte to 
matter are in truth and in fact propeif|c|''of space. 

That all this should have escapeil we attention of 
Biemann and Helmholtz is marvelous, considering the 
assumption made by both in order to account for the 
all^d neoes^ty of attributing to space a constant 
measure of curvatiwe, and thus limiting the number of 
the spedes of which, according to their state- 

irysi^ are admisdble, to three, viz.: spherical space 
wit|i<a posiUye .eurvs^re,. pseudospheried space with a 
nsl^Tir ciiryatnrts, And or homalolfUl wiljt 
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curvatare egidal to zero.* I allade to the a66amj)tion 
tihat bodies, in the language of Rierdann alreadj^ quoted, 
** exist independently of their location in space,” which 
mean^ of eonrse, that they are at lea^ different from, 
if they have not a physical constitution wholly inde- 
pendent of, .:ipacc. But for this assumption there can 
be no valiff reason founded upon or consistent with the 
premisses of tlie transcendental theory, why spa«e may 
not be essentially paraboloidal, or hypcrboloidal, or 
polyhedral, or of any other inherent form evolvable 
' from the creative fancy of the next non-homaloidal in- 
tellect. » 

This brings me to the allegation of the transcenden- 
talists, that the properties of space, such as the degree 
and form of its cnrvatdre, are to be determined by ex- 
periment.* How would such a determination be ef- 
fected? Snppose an astronomer, at proper intervals, 
directed his telescope to some fixed star whose distance 
from the earth he knew in some way (say from spec- 
troscopic data) to be far greater thm that of Arotiunu, 
for tiie purpose of ascertaining its parallax. And sup- 
pose he found this parallax smisibly to exceed that of 
the less distant star— in other words, snppose he found 
that the angle of intersection between the lines of his 
vision was different from that required by the known 
facts and laws of astronomy and optics : what would be 
his oondnsion? It is not difficult to anticipate the an-^. 
aw^ be this, question, for the case supposed is not with- 
. dai paeeedi^ in the history of asti*onomy. DispljaoCr 
saents : lines of vision have repei^dly ^i/bm 

pbsai^e^ % were unalde to aocodnt 

r 5 * die inol^FhAMwfte Gcoynet^’^ .Mirt 

. .dii|dh« |;>..S77)de«i!iMt«s %ae 
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for them by the facts and natural laws of which they 
had knowledge. Ifl the early part of the last century, 
Bradley (with the aid of Molyneux) made a series of 
telescopic obsei^ations of the star 7 D^vusmiB, to the 
end of determining the amount of its apparent dilplacc- 
mcut due Ao the orbital motion of the Sarth, so as to 
detectithe annual parallax*of the fixed stars-'i-an adhie\’e- 
ment jrciy desirable in Bradley’s time by reason - of a 
standing objection to the Copemican system urged on 
the ground of the alleged absence of such a parallax. 
To his surprise he found a displacement difierent in'* 
direction an(L far greater in degree than that looked for. 
This anomaly had to be explained ; and Bradley knew 
of no physical cause to which it could bo assigned. He 
thought W a time of nutation) then of refraction ; but 
he soon became satisfied that no explanation was af- 
forded by either fact. Ho was finally led, by a careful 
study of the variations in the direction and rate of tlie 
displacement, to look for a solntion of the mystery in 
the composition between the velocity of light and that 
of the earth’s orbital motion, and thus became the dis- 
coverer of what is now known as the aberration ef light. 
Amid all his perplexities, however, it does not appear 
at any time tQ have occurred to him that the anomalous 
phenomenon could be tho result of a constitutional 
crook in space. And it maybe asserted with confi- 
dence that there is no astrononfto Uving to-day who 
would attribute the anomalous parallax, whose dis- 
covery I have supposed, to a ^tial pseudo-sphericity. 
Fcff, irrespective of all other considerations, the astrono- 
mer wonld at <aioe meet evmy suggestion of this sort 
wi& tire objection that an inherent curvature of spam 
pS^uipjos^ dl^Nvenees between, its several parte-i-hete- 

constitution— and tiiat tibe 
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hypothesis suggested, therefore, involved nothing less 
than the attribution to space of the very properties by 
the absence of which alone it is distingui^ble from 
matter. 

The theory of the geometrical transcendentalists is 
thus invalidated by the absurdity of its fundamental as- 
sumption. ' Space is not, can ’not be, an object ef pen- 
sation. The attribution to space of relations a^d sen- 
sible interactions of the hind reflected in sensation is 
impossible without the assumption of diversities among 
p^its^constituent parts, the denial of which is the basis of 
every notion or concept of space, whatever may be the 
logical or psychologic.ol doctrine to which that notion is 
referred. Are we driven, then, to the counter-assump- 
tion of the Kantian idealists, tliat space is a purely sub- 
jective form of intuition existing in the mind inde- 
pendently of and antecedently to all acts of sensa- 
tion — ^to the doctrine of the metaphysical and mathe- 
matical adversaries of geometrical transcendentalism? 
Let us see by what arguments this doctrine is en- 
forced. * 

The Elantian idealists affirm that the idea of space is 
not only an invariable element of every act of sensation, 
but a condition precedent to sensation ; t^at, before we 
are able to refer any subjective impression to an objec- 
tive cause, and thus to speak of the existence of objec- 
tively real things or*phenomena at all, the basis of this 
reference — of the relation, not merely between the With- 
in ai:^, .^e .^thout, but also between two elements at 
leai^i^j^ Without whose interaction produces the sen- 
sat^r-^nust already be present in the intellect. Sratsa^ 
h is is of objects.; it is essentially a step 
, it'littbjective affection or feeling to an objective reality. 
vWWe.is ^ ground lor this step4 NtA, contends 
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Kantian, in the world of objects ; for the objects are 
reac&ed*and beconfe existent in intuition and sensation 
only by means of the step. It mnst be^in the subject, 
therefore, in th# intellect ; and it must be ptesen^ there 
in advance of the act of sensation. That^this is so, ap- 
pears, moreover (it is claimed), from the fact that the 
idea df space is absolutely indestructible. We can men- 
tally esracuate space of its sensible contents ; the intel- 
lect c{£n “ think away ” everything that is an object of 
sensation ; but it can not “ think away ” space itself. 
Space is an integral part of all states of consciousness* 
whatever. • 

The foregoing exposition is a fair and sufficiently 
exhaustive statement of the Kantian view. This view 
has one feature in common with that of the sensation- 
alists to which I have already made incidental allusion 
— ^the assumption that space exists, cither as an object 
of sensation or as a form of intuition, as an md^p&ndmt 
foot, and is therefore susceptible of objective or subjec- 
tive apprehension hy itsdf. I have already shown that 
this assumption, in the sensationalist sense, is unfounded. 
And, upon careful examination, it proves equSlly un- 
founded in the sense of the idealists. It is not true 
that we can mentally evacuate space of all its contents, 
and have in the mind, or before the mind, the fonn or 
image of pure space. On the contrary, the idea of 
space is invariably associated in ccmscionsness with some 
definite quality of sense. When we attempt to bring 
space before the mind (or, as it is usually called, to 
“ realize” it) in its visual aspect, it always appeare in 
synthesis with a mental reproduction of some sensation 
of color, however faint. Similarly, when we make the 
effort <rf mentally realizing ” or representing it in its 
ti^ilal ja^ect, it proves equally indissodablo from a 
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reproduction of some form of presenre or feeling.* In 
this respect the argnments of Hiime and Berkeley 
(which arc of necessity simple appeals to consciousness) 
liave neverbeen successfully met. Th^ dissociation be- 
tween the idea ” of spatial extension and the feeling or 
feelings constituting sensation which we are^ble — ^and, 
for the purposes of discursive reasoning, constrahied — 
to effect, is not an irUtdtional, but a conceptual dissocia- 
tion. Whenever we contemplate and reason about an 
objectively real thing, we can, in virtue of the power of 
"abstraction, attend to the property of spatial extension, 
in total disregard of its sensible qualities ; but whenever 
we strive to bring its extension before the mind as real 
— ^to frame a mental image of extension, or to represent 
it as a distinct form of intuition — ^we are instantly forced 
to invest or associate it with some one datum of sensa- 
tion which we interpret as the incident or reaction of 
a physical process. Intuition (using the word in the 
Kantian sense) is an integral part of sensation, and ap- 
pears as such alike in the presen^tions of sense and 
their representations or reproductions in the phantasy. 

This disposes of the Kantian argument that space 
must be a subjective form of intuition because the mind 
can not banish it from consciousness. « And ano^er 
simple reflection is equally fatal to the claim that space 
must be a subjective form eangfmg in admnoe of aU 
oats ^ aeirniimf iffasmneh as it is the indispmisable 
grbund for jthe step by which the intellect lewhes an 
object ekteimal to itself. The obvious answer to this is 
tha^ if space is purely subjective, being wholly in the 
mind^ it eertaihly can not a|ord gtound for a step 

, Wiffiijin Hunfitoa'a Iieotuvea «n Hetaphjnios, LmL XsE} . 
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This reflection is the trae basis of the pc»t- 
Kantian species of ielealism, such as that of Fichte, and, 
in a sense, of Schopenhauer. But the w]|^ole argamont, 
as well as the idlalistic perplexities that ha^e begn oc- 
casioned by it, is founded on the old ontological assump- 
tion that thfngs or entities^ exist independently of each 
other ^d otherwise than as termstof relations. That 
this is not true of objectively real things has been -suffi- 
ciently enforced in the preceding pages of this book ; 
and it is equally untrue of the relation between the 
cognizing subject and its object. In every act of pri- 
mary cognition, the objective phenomenon, so called, 
and its subjective counterpart are bom into conscious- 
ness at the same moment, because the reality of either 
depends npon that of the other.* This is the great pri- 
mary and irreducible fact of cognition, which !s not the 
less a fact because it has been misinterpreted by the 
metaphysicians in a variety of ways, and has given rise 
to a host of absurd cognitive theories. 

What, then, is the real nature of space and what is 
the true source of our knowledge respecting it ? If the 
preceding considerations are valid imd conclusir^ this 
question admits of but one answer. Space is a concept, 
a product of abstraction. All objects of our sensible ex- 
perience present the feature of extension in conjunction 
with a immber of different and v|riable quaUties at- 
tested by sensation; and, when we have successively 
abstract^ these various sensations, we Anally arrive at 
the abstract or concept of a form of spatial extension. 
I pnrposelj say form <f esOmaion^ and not simply an- 
tomahn or ^paoe, for the former, and not the latter, is the 
genhta of the Ihm of abstraction here indioated. 
If t^e word “ cornet be used in the sense in which it 
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tidJlly extended form is the laet reenlt of the procera hj 
whidi an object or phenomenon can *00 ooneeivdQ. The 
abstract or concept (using the w<H*d now in its wider 
^exteu^aion generally, or apace, is^-reached bj an- 
other series of abstractions of which I may have some- 
thing to say hereafter. The failure to ^criminate 
between those concepts, so ^ed, which involve no 
reference to limits or forms and the true evmma genera 
of tile dassification of sensible objects is one of the 
sources of the confusion which everywhere besets the 
'’’'theory of transcendental space, as we shall presently 
see. « 

The doctrines of the idealists (more properly caDed 
intellectualists) respecting the nature of space are, there- 
fore, as untenable as thifee of the sensationalists. And 
the opiiuoh of the disciples of Kant and Schopenhauer, 
that the teachings of transcendental geometry can be 
refuted by an appeal to the “ Transcendental ^lEsthet- 
ics” of the Oritique of Pure Season” is a mistake. 
The proposition that space is a pure subjective form of 
intuition, if true, could not in the tiightert d^ree shake 
the position of the geometrical transcendentidist. His 
simple retort upon the Kantian is, that, if space is an 
innate form or condition of the intelleot determining 
the appr^ension of external objects in a certain ordor> 
or according to certain laws, it is again a question of 
fact, what is that order and what are those laws. 
Whether ^)aee be within the mind or without it, the 
, question of its flatness, e^ericity or psendo^phericity 
rmniiifiB... Whether the form of the lines and sorfaces 
poteihle ih speoe &.the resnlhof its physical constitutioa 
outside of the mind, or of the, internd constitution of 
the luind either caas thd fact is tiie saiqe, 

^^jbsatem' foto ‘to. 'hei. .*Thje' fa .ih_^ei|aie 
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cord with Kant’s own distinct declaration in his “ Notes 
to Transcendental Esthetics,” * when he sajs that onr 
mode of intuition is not neoeasariJy confined to the 
peculiar constitution of onr minds, but mcny be ^hareil 
by other thinking beings, although this is a matter 
which we are unable to decide.” From this declaration 
the inference is unavoidable that tjjie question, what the 
precise form of intuition is in a given intellect, is purely 
a question of fact. In this respect, then, Helmholte f 
is unquestionably in the right as against Land, Krause, 
Becker, and the other Kantians. . ^ 

Ehiving reached the conclusion that space is neither 
a physical object of sensation, nor an innate form of the 
mind independent of and preexisting to all sensation, 
but a concept, we are now able to enter upon a series 
of considerations akin to those already presented against 
the alleged experipiental determinability of the curva- 
ture of space, by which the true character of the tran- 
scendental theory of space may be so thoroughly exhib- 
ited that there can ]^e no rational controversy respecting 
its merits. The first of these considerations is this : If 
the doctrines of the transcendentalists are foufided in 
fact, it follows that there is in space a coercive power 
resulting from its constitution which makes lines and 
surfaces other than those conforming to> its inherent 
figure impossible. If space is not “ flat,” but spherical, 
for instance— -I assume for the ifloment, and for the 
sake of argument, that there is sense in the assertitm of 
the ** flatness” of ordinary “Euclidean” space— then 
ev^ line in it necessarily follows a de&iite course to 
which it is astricted by tiiq internal law governing tire 

* Sritik der i^eai Temonft (ed. BosenlaraoK), p. 49. 

' ^ QL “SBio and Haaning of Geometric^ ijdooM,” Mind;.?oL 
iii^ alao Die TXittAikidiaxi d«r WakniohmuiigyJEKerliii, 18%9;r 
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ar^ngement of its parts. From tiiis it is a legitimato 
and inevitable consequence that, in % space of definite 
and inherent curvature, lines even of different degrees 
of cnrvatnrcr are impossible. The measdre of curvature 
of such a space being once determined, all its lines must 
c<mf orm to it. To this it is no answer to sa^ that Lo> 
batschewsky and Beltipami have shown the practicability 
of constructing consistent and logically coherent sys* 
terns of geometiy on the principle of the non-parallel- 
ism of ‘‘shortest lines,” and that Professor lipschitz 
*%a8 demonstrated that the laws of motion as dependent 
on motive forces could also be consistently.transferred 
to spherical or pseudo-spherical space, so that the com- 
prehensive expression for all the laws of dynamics, 
Hamilton’s principle, mby be directly transferred to 
spaces of \^ch the measure of curvature is other than 
zero. For the constructions of Lobatschewsky and Bel- 
trami (which serve also as the basis of Lipschitz’s inves- 
tigations) are all constructions of lirm and swifama; 
and these constructions are founded upon postulates 
utterly inconsistent with the properties of non-Enclidean 
space. One of these postulates is, that in spherical as 
well as in pseudo-spherical space it is possible to trace 
lines of any degree of curvature, and therefore also lines 
whereof the curvature is zero, that is to say, straight 
lines in the old sense. How, indeed, could the “meas- 
ure of curvature ” otherwise determined f That 
mensmre depends upon the radim of curvature; accord- 
" the measure of curvature belonging to 

■ ■ that admits of the motion of the figures 

upcp.it, without changqof any of thmr lines and 
afii^|^.!npieanu^ along i^ is the' constant mnprocal ^ 
;;k ^ gre^^ ra^pf curvatute. . 'Th^ 

old 8eDwj*fpi!',.if..'th8y.ipe']D)^ 
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straight, they are^f some definite degree of curvature, 
which again can bo determined only by reference to 
another particular radius, and so on, eitljer ad infinxlum^ 
or until we come at last to the old Euclidean straight 
line. • 

The Ibgitimato prei^isses of the theory of non-Eu- 
clidean space lead to the inevitable conclusion that the 
linos^f such a space, though curves, have neither tan- 
gents nor normals, neither radii nor cords, and that on 
the grounds of non-Euclidean postulates alone they 
wholly indeterminable. This is again a curious esconi- 
plification t>f the ontological error according to which 
things and forms are determinable in themselves, with- 
out reference to, or contrast with, correlative things 
and forms. What is especially remarkable, in this 
aspect of the doctrine of the transcendent^sts, is the 
ascription to real space of an inherent dignnetion be- 
tween the forms of its alleged curvature — ^the assertion 
that its measure of curvature must be positive, or 
negative, or zero.* This assertion is aU the more re- 
markable by reason of the transcendentalist clmm that 
the now doctrine has emancipated the old system of 
geometry from its arbitrary limitations, and is a widen- 
ing, a logical* expansion, of the idea of space. 

The source of all the perplexities in which we find 
ourselves involved by the assumptions and theories of 
the transcendentalists is so obvibus,' that it is a wonder 
how it has come to be completely ignored by the adver- 
s^es of the new doctrine no less than by its adherents. 
^he| parent error of this doctrine is the assertion th^ 
spacer with which .ordinary Euclidean ” geometry 
is a “ fiat^” and not a spherical or peeudo^sphe^ic^ 
;i^p«eei. ^ rpoux iohose idea or notion 

dll, oonstno^^ iiOliatgfjer,..in", 
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eMmg tiiose of iJie p(mgeo7net^8,Ji8 ndUier fat, nor 
^heriooL, nor pseado-^heriooiL, nor of omy omer inher- 
ent figure, but^w simply the intuMonoA omd eonc^tual 
possShfUty )f booing amy or dll of the Jmes charaderis- 
tie of plxme, (phericoA, ellipsoideA, pardhdoiAoA, hyper- 
bohidcA, etc., and, to some extort, pseudo-tpiterical sur- 
faces widhin it — a possibility due to the circainst.ance 
that it is nothiug more nor less than a concept formed 
by dismissing from our mental repi-esentation of physi- 
cal objects, not only all the attributes constituting their 
physical properties other than extension, but oAw oAl 
the ddermnnoMons of figure by which they are disUnr 
gvished. This is the only sense in which we have any 
right to speak of space as even or homaloidal. Space 
has no internal structure or inherent figure, because it 
is not a physical object, and therefore has no “ proper- 
ties” which can be ascertained by experiment or obser- 
vation. Nor has it any properties, rightly so called, 
that are detcnninable a priori, by an act of intuition. 
Space is one of those ultimates of abstraction in which 
the connotation coincides with the denotation, and in 
which, therefore, true connotation is at an end. I. re- 
peat: space has no properties, for, considered as an 
entity, it has no relations, its very essence being a denial 
of, or abstraction from, all relations. For this reason it 
is on abuse of termg to define geometry (as is so fre- 
qhently done, and has lately been done by Professor 
]^nrici *) as ‘^tbe science whose object it is to investi- 
g^ the pjTOperties of space.” The object of geometry is 
tiie invnst^ation of tite possible determinations or limi- 
teticais of 'space, i. e., of the relations between the vari- 
Qjpiis^onnB of extension or of the properti^ of fignTe6.t 

. . f thfai (ikSmeu de FbQpiK^Ue, 
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The whole science of geometry is conversant about tliat 
which I9ie concept %pace of necessity excludes, viz., about 
determinations or limits. Geometry, ind^d, has refer- 
ence to space,* inasmuch as the dctefmisations with 
which it deals arc spatial determinations. Upon tins fact 
arises the«li£erence between the scope of geometry and 
that df the other branch^ of pure; mathematics, and the 
inapplicability of many of the methods and results of 
mathematical analysis to the relations between the form.s 
of space— a difference the disregai’d of which is prolific 
of so many errors in the reasoning of those who se^k fH 
draw conclusions respecting the “ properties ” of space 
(such as the possible number of its dimensions) from 
the abstract concept guom^j. Geometry is undoubt- 
edly an empirical science, thdtigh not in the sense in 
which the term “empirical” is generally Understood, 
and especially not in tlie sense in which it is interpreted 
by Mill and &e geometrical transcendentalists. It is an 
empirical smence, inasmuch as it deals with a property 
of physical things^ eastmaion, which is an ultimate, or, 
rather, primary and irredudble datum of the act of sen- 
sation-just as much such a datum as the senghtion of 
color with which, as I have shown, the visual intuition 
of space is inyariably associated. All attempts, sucli as 
those of Herbart, to produce the “ idea ” of extension 
by an elaboration of such data of sensation as are com- 
monly designated as quah’tative, Ao as abortive as the 
corresponding attempts to deduce the quditative ele- 
ments of sensaticHi from forms of extension. The pri- 
mary datum of extenrionis the empirical element in the 
smence of geometry. T^js primary datum is not apeuse, 
but UitiAted eastemum^ for sensation and intuition are of 

toiM t, p. SS8)'U«aiiC8'geom«ti7 M “ la adenee dee propriitis de I’dt^ 
'daa,M /a eMMwiv «omm« (inytloMd 
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particular bodies, and therefore of limited extension, 
not of extension generally, or space*. Forms of limited 
extension, however, give rise to the concept space, by 
the applicatioi of the processes of abfitraction I have 
indicated. On the other hand, the conclusions of ge- 
ometry are iiot derived from empirical data alone, and 
are not reached by processes'of induction, as MHl con- 
tends, and in that sense geometry is not an empirical 
science. Nor is there any geometrical aodom which 
is purely a datum of sensatimi^ as is asserted hy the 
^S€njati<ynalist8^ or of intuition, accord/my to the teach 


mgs of ike idealists or inteUectualists, Alhthe geomet- 
rical axioms, which serve as string-points of deduction, 
contain two elements: an element of intuition (as a 
part of sensation) and ati element of arbitrary intellect- 
ual determination which is called dejmitim. The facts 
of extension and its limits — surfaces, lines, and points — 
are given in intuition ; without sensible experience we 
should not know anything about geometrical solids, 
surfaces, lines, and points; but npthing is deducible 
from tbe existence of these elements, or our intuition of 
them, imtil they are defined. This is evident upon a 
simple inspection of the geometrical axioms. The axiom 
that between two points but one straight line can be 
drawn (or, what is the same thing, tliat two straight 
lines can not inclose a space) involves the derinitian of 
tho straight line--a*definition, by the way, far more 
difficult on purely geometrical grounds than that of par- 
the axiom r^pecting parallels, in the 


of tliis dltBciiltr; Bes In a fundamental defect i^f Uie 
th0«Hei of cogii|tiott-4tt t^e (aUnre to see that all prooe^ 
i^feraioe ik> 

r inCEti in npeiience/bat :eatabiiel^ by.Uie b^t^eetr ^ 

•’ is tbe -'line, oif’’ laiiapjei. 

■ ' 
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form now generally given to it, vk., that through a 
given pdint but one straight line can be drawn parallel 
to another straight line, presupposes the definition, not 
only of the straight line, but of parallelisnf wh:|ph, in 
elementary geometry, presents the diifici^ty of involv- 
ing the coiisept of infinite extension, and has given rise 
to iniflimerable quandaries (such «s that of infinitely 
distant^ and yet real, points of intersection), among 
W'hich those of the pangcometrical sort are not the 
least. The Euclidean list of definitions, postulates and^ 
axioms is vitiated, not, or, at least, not only, by the fact 
that his line* of distinction between these several pre- 
i*equisites of geometrical, reasoning are not correctly 
drawn — that he confounds definitions with axioms and 
postulates with both,* and, besSes, fails to discriminate 
between axioms of quantity in general and axioms of 
qpatial quantity — but by his ignorance or disregard of 
the fact, to which I have referred, that every axiom, 
which is geometrically fertile, involves a definition. 

lines can not inclose a space ”) are of the same nature with those of the 
12th (usually called the 11th — ^the axiom of parallelism) has ]png been 
known. ** La d4finition et les propri6t6B do la tigne droite,*’ says D’Alem- 
bert (£l6n)ens de Philosophie, § 12— CEuvres, tome i, p. 280) “ainsi que 
des ligaes paralldl^ sont done Tdcacil et, pour unsi dire, le scandalo 
des 4]6mens dc gdomdtric.” 

^ Haakel (Vorlesungen ueher die complex^ Zahlen und ihre Func- 
tioned, p. 112) draws attention to the fact ^at the confusion above 
referred to is chargeable, not to Enolid, but to his editors and oomrnen- 
tatois. “La all the manuscripts,” says Hankel, ‘‘which F. Peyrard has 
ooUceted in preparing his excellent edition of Euclid (CEuvres d’Euclide 
tmd. ea Latin et en Franks, tome i, p. 454) the famous 11th principle 
of theory of parallels appears, not among the kouw Irroim relating 
to and unequal quantities, bu^as the 6th postulate (oKn}^). Simi- 
larly the lOth axlom' ih - these manuscripts appears as the 4th postulatje, 
while the IMSS. tteej in respect to tha 12th axiom, it being thus evM^t' 
axioms <im plae^ which unaecountabiy they stUL 
eui^kihwlisjof asioh^lto amis^ , , ' ' 
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And this ignorance — ^vcry excusable in Euclid^s time — 
imfortnnately appears to be shared by the Writers of 
geometrical t^xt-books at the present day. 

9ne of the points upon which tibfe debate between 
Helmholtz ,.and his opponents has largely turned is 
the question whether or not Beltrami’s psetido-spherical 
space is conceivable or imaginable {vorstellbar) f and, to 
maintain the affirmative, Helmholtz propouiKls a re- 
markable definition of imaginability. He defines the 
power of imagining spatial forms as “the power of 
fully representing the sense-impressions which the ob- 
ject would excite in us according to the" known laws of 
our sense-organs under all conceivable conditions of ob- 
servation, and by which it would be distinguished from 
other similar objects.” ^ Whatever may be tlie general 
merits of this definition, it is certainly obnoxious to the 
charge of irrelevancy. As tlie old logicians would say, 
it is founded upon an ignoratio elenchij a misapprehen- 
sion of the question. Granting, for the sake of argu- 
ment, that the act of imagining a form of space is truly 
described as an anticipation of sense-impressions, the 
question as to the existence of the power sought to be 
defined is, not what would be the nature of these im- 
pressions, but whether or not they could coexist in the 
imagination in the required spatid order and form ac- 
cording to the known laws of the representative faculty. 
Helmholtz refers to the attempt of Beltrami to make 
pseudo-spherical space representable by projecting its 
points, lines and surfaces upon the interior of an ordi- 
nary spherical surface whose points correspond to the 
inffiodtely distant points of pseudo-spherical space,” and 
clainid that this attempt is successful. In the same 
Sense Frofessor Sylvester*, in the note to his Exeteo: 
* ^VOrigjtn and j^Ebstiiiig of Geomstiiofd Arioms,'' Mlad, ydrUI, p. ikik ' 
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addre^ already quoted, observes that “every perspec- 
tive reprlsentation oi figured space of four dimensions 
is a figure in real space, and that the properties of fig- 
ures admit of bSing studied to a great extent, i| not 
completely, in their perspective representatjons.” And 
it has becoide a standing a^ertion of the pangcometers 
that thS forms of a space of any gicreu dimension may 
be projected into tbe space of the next lower dimension. 
But this assertion, at best, holds good only for the limits 
of projection, where the resulting point or figure ceases^ 
to be an explicit reproduction of the figure projected. 
When a straiglit line is projected orthogonally upon 
another straight line at right angles to it, it appeal's as 
a point; a form of the first dimension is, in a sense, 
reduced to the dimension zero. *But the ropi'esentative 
point, by itself, does not enable us to reproduce and 
reason about the line whereof it is the projection. It 
maybe said that we can at least know that the line pro- 
jected is straight ; but that is a conclusion which fol- 
lows only from the properties of lines as they are others 
wise known ; from the mere inspection of the point it 
is not even inferable that it is a projection of a line at 
all. Similarly a plane may be projected upon another 
plane, so as to Appear as a line, a form of two dimen- 
sions being reduced to a form of one dimension ; but it 
does not follow that we may study ^e properties of the 
plane by merely conteimplating or analyzing the line. 
The so-called projections of solids upon surfaces are in 
fact projections, upon a normal sur^e, of several sur- 
faces making different angles with it, and the inference 
from sndi a projection respecting the properties of geo- 
liuetiioal solids depend upon onr assoeiations of visual 
Mrhb tactual unpiessions m which our apprehension of 
gaometrial soHdii^ its origin. There - being , coo- 
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fessedlj no tactual or other impressions evidencing the 
- existence of a fourth dimension, the analogy upon 
\rhich the alleged imaginability of transcendental space- 
forms is founded is without support. ‘ 

but it i^ of little consequence what ground there is 
for the claim (which has recently been ur^d in another 
form by Felix Klein *) that the resources of projective 
geometry are sufficient to enable us to represent the 
properties of a space of more than three dimensions in 
tridimensional space : for the question of rcprcsentabil- 
ity is wholly foreign to the matter in dispute. If it 
were shown, for instance, that a pseudo-spherical sur- 
face may be, mentally or really, traced in space, this 
certainly would not prove, or tend to prove, that space 
is inherently pseudo-spherical. There is no doubt about 
the ima^ability of a spherical surface, but from this 
it does not follow that space itself is spherical. To 
support the conclusion of the immanent pseudo-sphe- 
ricily^ of space it wotild be necessary to maintain that 
none but pseudo-spherical surfacet can exist, and, there- 
fore (conformably to the teachings of sensationalism), 
be represented, or imagined as 'existing, in it. And, in 
view of this, the whole argument of Helmholtz not only 
ceases to be available as a support of geometrical, bran- 
scendentalism, but recoils upon liimself. If pseudo- 
spherical surfaces can be imagined to exist, and there- 
fore, upon his own principles, are possible in *<^t” 
(^ao^ why can not ordinsiy straight lines, and fla t stus 
faeOB exist In pseudo-spherical space ? And whiat, then. 


, * die Hiefat-EukUdiMbe Geometrie." Katk Aan., vdL Ivi; p. 

S4S, in'inds ertiicifa), m in neatly aO the writhige of £ke pwipeiiMtefiS,. 

. .ivlthvtiB^hwty and inaat^iy dirtant polnM od ejoali^ 

neans of ayntwla. 

treated aS''eodr^te withicjsd ' 

fllniBdedvdl&'.'iihaiedaai^. '' " -I .« '‘".''I'- 
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becomes of his telescopic test of the cnrvatnre of space? 
Or am* I tinder a mtsapprehension as to Helmholtz’s 
tme meaning? — does he simply contend that pseudo- 
spherical surfaces itrould be imaginable by ^endo-spher- 
ical beings with pseudo-spherical organs of sense, Ind 
consequent pscudo-spherical intellects in a pseudo- 
spherical space, if it existdQ ? ThaJ; is a proposition 
which even Land and Krause would hardly dispute. ■ 
The hi^ry of cognition affords no illustration, per- 
haps, of the irrepressibility of intellectual traditions 
wMch is more instructive than the doctrines of tran- 
scendental geqptetiy. Glancing back at the contents 
of the present chapter, we ^e that even the science of 
mathematics — ^the exactest of all the sciences, whose 
methods are said to be as infallible as its foundations 
are supposed to be permanent, and which, ev«r since 
the dawn of human intelligence, has pursued the even 
tenor of its. way amid all the vidssitudes of speculation 
— ^is not exempt from the prepossessions of ontological 
realism. The same h^ostasis or reification of concepts, 
which has given rise to the atomo-mec^nical theory in 
physics, has led to the doctrine of pangeometry in inath- 
.ematics. ' The hypostasis of space, by the mathemati- 
cians, is a strict aoalogae of the hypostasis of maiia and 
motion by the physicists. 

The full extent, howevm', to whi<^ the minds of 
contemporary mathematicians are Vewildcred by the 
f^ light of ontology can be brought into still clearer 
Tiew|>y a fp^er examination of the speculative back- 
ground of tianscendental geometry, as it appears in the 
&i^ons essi^ of Bienuum alipady referred to. 



CHAPTER XrV. 

€ 

UETAOEOliCETBIOAL SPACE IN THE LIGHT OF ^ODEBN 
AKALTBIS. — ^BIEMAHN’B BSSAT. 

*' « The essay of Bernhard Riemann, “ On the Hypothe- 
ses which lie at the Base of Geometry,”' ewes its great 
celebrity to the fact that he yas a mathematical analyst 
of the first order, one of the favorite pupils of Ghmss, 
under the inspiration of whose teachings, if not at his 
siiggestioh, the essay was written — ^by whom, in fact, it 
was presented, in 1854, shortly before his (Gauss’s) 
death to the philosophical faculty of Goettingen, and 
by whom its cardinal propositions were expressly in-' 
dorsed as an exposition of his own^peculatire opinions. 
Every intelligent reader of this essay will agree with 
me, I think, that its intrinsic merit is not at all com- 
mensurate with the attention with which it was re- 
edved and the interest with which it i» still generally 
considered. Hot only are its statements, both of the 
problem and of the nropbaed methods of solution, crude 
and confused, but they bear the impress throughout of 
Rieinaim’'s very imperfect acquaintance with the naitarc;. 
Ojf logical processes and evpn idth the import of lojipdd ' 
tinins. It apparent, from the whole tenor of the 
eSBs^, tiuiit its au&or was an ntter stranger to the dis- 
^.:^tudfins .Te|^>eoi 3 Bg th% natnib of space w^h have been 
'■'»d vjgoinK^ carried on by the best, takers of 
;.tinieev<i^ rii^^lho.days Eai^ and that h$ ^ 
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little familiar with the history of logic as to be with- 
out the faintest suspicion of the manifold ambiguity 
of such terms as ^‘concept” and ‘^quantity,” and of 
the necessity of^heir exact definition prelhninary to 
an inquiry respecting the very foundations of hhman 
knowledge.* • 

Thagcneral argument #f the essay is, that the nat- 
ure of 6j)ace is to be deduced from its concept ; that 
the formation of such a concept of necessity involves 
its subsumption under a higher concept ; that this higher 
concept is that of a multiply extended quantity 
that, in order to. determine how many kinds of space 
are possible, it is requisite to ascertain in how many 
ways quantity may be ‘^mftltiply extended” {mehrfach 
auagedehnt) ; and that, after the number of conceptually 

* Bicmann himself modestly apolo^zes for the philosopliical short- 
comings of his essay on the ground of his inexperience in philosophical 
matters. But the crudeness of, his speculations affords a very striking 
illustration, in my judgment, of the well-known fact that exclusive devo- 
tion to the labors of the mathematical analyst has a tendency to develop 
certain spedal powers of tin intellect at the expense of its general grasp 
and strength. Although Sir William Hamilton, no doubt, overstated the 
case against the mathematicians, I believe that his suggestionA are not 
wholly unworthy of attention, and that there is force in the words of 
Alembert (referred to by Sir William Hamilton), which it is perhaps 
safest to quote in thb original, without trandation: **11 semble quo les 
grands gdombtres devraient dtre exeellens mAtaphysieiens, au moins sur 
les objets dont ils s'oocupent; cependant Q B*en faut bien qu’ils le soient 
toujours. La kgiqua de quelquei vna d'enfre em mt teitfmnh daw kun 
at w s'Hatd patt on dda. On pent les comparer k un homme 
qul nundt^le sens de la vue icontraire k oelui du toucher, «ou dans leqnel 
leaeoonddeo«i ,j^neBepeitfectioxm«raitqu*auxddpenBdel*autre. Ces 
ttutuvala mdtaphyididens da^ une seienoe ok il est si facile de ne le pas 
ktre, le sevont k plus forte raison in&illiblemeiit, comme I’expArirape le 
pmve, sur matlkra on Ua n’auiCnt pas le ^eul pour guide. Ainsi 
la qul. mesiire les corps, neut serl^r en ccrtdns cas k mesurer 

lehkiipirjtts D’Alembert, l^lAmens de PfailoBophie, g 11 ; (Euvrea, 

>K^iiPvS{e. • 



250 CONCEPTS OF MbOEBN FHTSIC8. 

possible varieties or species of multiple extension Has 
thus been fixed, it is a matter of experimental* determi- 
nation which of these varieties or species is represented 
by our sp^ee, i. e., by the space in which tlie world, as 
we know it, has its being. After thus asserting* that 
the concept '* space” is to be subsumed un(ier the cOn- 
* cept “ quantity,” Biemann proceeds to declare <that all 
quantities are in their nature multiples or aggregates 
(MannigfaltigJceiien) which are contimioits whenever 
there is continuous transition from one of their several 
specializations” to the other, and discrete, when fhere 
is no such transition ; that the “ spedaliaatious” of dis- 
crete quantities are called and those of continu- 

ous quantities elements} andithat continuous quantities 
are determined by measurement, while discrete quan- 
tities are determined by numeration. Space, according 
to Biemann, though a continuous quantify, is a quan- 
tity of flrfold (geometrical) extension, and is thus a 
Multiple or Aggregate, and therefore a quantity, not- 
withstanding its continuity. The degree of the inulti- 
plidty of this extension — i. e., the ^et of its being, sim- 
ple, twofold, threefold, or generally n-fold — determines 
the (logical) extension of the concept space. 

We have here five distinct propositions, which, for 
conveiiichce of reference and discussion, may be stated 
in idistinct form as follows : 

! 1. ' That t]iE nature of space is to be deduced &x>m 
itf concept , 

H '3. of space can be formed iuftd! 

its sitbsumplaon under a higher 

Thai pur space is a '‘Itiply extended Ifnltiple m' 

under which: iln od^-'' 
is tp ' l^;{sph«im being. of . an lenr. 
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tend^ Multiple” or a “ multiply extended Abrogate ” 
(etne rtrfaoh auage^hmie Mannigf(Migkei£), and ^at — 
tranalating..Biemann’B phraseology into its plain logical 
import — the (lexical) extension of this higher concept 
determines the number of the possible ki^ds of space. 

4. Thabthe conceptual possibilily^ of space is coex- 
tensivb with its empirical possibility, though not with its 
empirical reality. 

5. That continuous quantities are coordinate with 
discrete quantities, i. e., are species of the same genus^ 

both being in their nature multiples or aggregates.** 

• 

* The order *and numeration of these propositions is, of course, my 
own; in Biemann’s essay they appear in rery promiscuous order. In 
proof of the general oorrectness my statement of Riemanu’s doctrines, 
it is perhaps well to quote the introductofy part of his essay in the origi- 
nal, italicizing the more important passages : • 

** fTeft^r die Hypothesm wdche der Qwmdtie zn Orunde liegen. 
Hander Untermteihung. 

**Bckanntlich setzt die Geometrie sowohl den Bogriff desRaumes, 
als die ersten Grundbegriffe fuor die Constructionen im Raumc als ctwas 
Oegdbenes Toraus. Sie ^bt von ihnen nur Nominaldefinitionen, waeh- 
rend die wesentli^en Bestimmungen in Form von Aziomen auftreten. 
Das Yerhaeltniss dicser Yoraussetzungen bleibt dabei im Dunkeln; man 
sleht weder ob und in wio wmt ihre Yerbindung nothwendig, noch a pri- 
on, ob sie moeglich ist. 

^^Dicae Dunkelfdt wnrde auch von Euklid Us Legendre, um den be- 
mehmtestffli neneren Bearbdter der Geometrie zu nennen, weder von den 
Mathematikem, noch von den Fhilosopl]^ welche sich daitait beschaeftig- 
ten, gehbben. Es hatte dies seihen Gnmd fohUdada, daa der dllgi- 
meme m^foich ijmgedeheder Grouemy weUr wMien die 

groeifeen erUhaltm eind, gam vnieardeM M Me mir <Mer 

eun^schat die :di^g(d€ geateSiy den mmr mehefetdi awigedehnim^ 

GrotmamaUtgmeinim Groeembegrifenmi^^ Es vrirddarauft 

hervorgiehen dhas sine mhrfaeh ixa^gedehnte OiweeeetmiddBdmer 

feeMg mdder liaum aka naer einen daondem Ftdl.dner 
Graesee Mdet, Riervon atoer ist eine nodnrendige 
diuMhdie Saetae^der Gi^etiie siohnleht aus allgemeinen Gcoessen- 
dass dieje^^gen fiig«BSohaftettr:duiw*t , ! 
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I proceed to consider these propositions in ^ir 
order. * • 

1. The first proposition is in plain woi^s a statement 
of the^ general ‘ontological fallacy (discnSsed at length in 

welche sich der^Kanm von andem denkbaren dreifftch aiisgedefanten 
Qfoeasen unterschoidet, nur aus der Erfahnmg entnommeL werden koen- 
non. HierauB enstebt die^Aufgabc, &ie cinfachBten ThatBaehea aufza- 
Buohenf aus dcnea Bicb die MaaBBTerhaeUnisBe des HatuneB bestiiDineii 
laBsen— ^e Anfgabe, die der Kator der Sacbe nocb nicbt Toeilig !JbeBtimmt 
iBt; denn es lasscn sicb mebrcre Systeme einfacber Tbatsacben angebGii» 
welche zur Befitimmung der Kaasaverhaeltnisae dea Raumea hinreicben; 
am ^ichtigsten ist fuer den gcgenwaertigen Zweck daa voB Euklid zu 
Gnmde gelegte. Dteie ThaUcathm tind^ loie aUe ThuOtathen^ nitU ncdh^ 
tondem nur von empinteh/r^ GeaiatihiU, He Hnd^Bjfpathmn, man 
kann also ibre Wabrscheinliohkeit, welobo iimerbalb der Grenzen der Beo> 
baohtung allerdings scbr gross ist, untcrBucben, und hienacb ueber 
ZulaoBsigkeit ihrer Aueddmimg jenseitB der Grenzen der Beobaohtnng 
sowohl nach dor Seite dea UnmessbaigroBBen, als nabb der Seite des Un- 
messbarkleinen urtbeilen. 


“ Z Begriff Hner n-foeh ouegedHmim Qrotne, 
**lndemicbnunTondie 8 enAufgabenzimaecbBt£e erBte,die Sntvickei' 
lung des Begriffee mebrfacb ausgedebnter GroesBen, zu loesen TerBubhe^ 
glaube ioh um so mebr auf elne nB<diBicbtige Beitrtbeilung Anspraeb maeb* 
on zu duerfen, da icb in dergleicben Arbeiten pbHosq^biBcher Natur, urn die 
Sdiwieri^eiten mebr in den Begriffen, bIb in den Construefeionen liegen, 
wenig geoebt bin und icb ausser dnigen gani kiinsen Andeutungenwelche 
Herr Hofrath Gbobb in der zweiten Abhandlung ueber die biquadratiscben 
Eea^ in dm Goettingisdion geiehrten An^geny dbd in m^er Jubi- 
buanuBehdft darueber Teroeffentlioht bat, und einigen pbtlosophiidieii 
UstbrBUcbungeik Herbert’s durcbaus keine Yorarbeiten benntzen konnte. 

, \ eM^ ^,moeglkh,w HehemiO^ 

' ^ vereekHdeM BeHknmmgeweken tukM, JentfMm wiUf 

[ vcn Hner m eimr andem Hn HeHger Meegang 

Wm Btb Hm HeUge ttder diearHe Mixi^^ 

^ fm erHen ^ to AMrwit 
Begriffe, deren HediiemtiiigBWdm 
biidi^W 80 baea^K^d^s iuer V 

bi'ddi .gebUddena 
Yekbem jde 
in der .Ss^o ion 4ba 
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the njinth chapter) that things and their properties are 
to be deduced from* our concepts of them. As 1 have 
already igaid, Riemann does not define the term “con- 
cept;” nor doe? he inquire how conce]fbs lire formed 
or how they come to be possessions of the intellect. 
He says, indeed, that concepts of quantity are possible 
only \^en they can be subsumed umder higher concepts, 

unbedenljii^ von der Forderung ausgchen, gegebene Dinge als;gleich- 
artig za betraehten), dagegen sind die VeranlasBungen zur Bildung von 
Begriffen, deren BeaUmmungawelsen eine atetige Mannigfaltigkeit bilden, 
im gemeinett Lebcn ao aeltcn, daaa die Orte der Sinncngegenataende im^ 
die Farben wohl die einzigen einfachen Begriffe aind, deren Bestixnmungs- 
weiaen eine mobffach ausgedcbnte Mannigfaltigkeit bilden. Haeufigere 
Yeranlaaaung zur Erzeugung und Ausbildung ^eaer Bcgriile findet aich 
erst in der hoehem Hathematik. 

dureh ein Merkmal odtr cine Grcnee untcreehiedene 
TkeUe dner MmnifffalHffkcU hemen Quanta. Hire Vergfmhmg der 
QuanHiaet naeh geechiehl bei den discreten Groeaaen durefi Zaddwng^ hei den 
eteUgm dureh Mesemg, . . . Fuer den gegenwaertigen Zweek genuegt es, 
itm dieaem edlgcmeinen Theile der Zehre von dm auegedehntm Groessen^ 
too wetter niehiB vorauegesetzt wird, ab was in dem Begr^ffe dertMm ent- 
hedtm Mf, zwei Functe beryorzuheben, wovon der erate die Erzeugung des 
Begriffs einer rtuhr/oeh (Msgedd&Uen MannigfdUigleeit^ die moeUe die Zu- 
ruedffuehrwng der OrtdbesBmmmgm in einer gegdwnen JSfanni^aitigkeit 
entf hetrifft, und das wesew&iehe Kewneam/en einer 

n-faehen Aueddknung deuBich machen wiriV^ 

I ought to fay that my interpretations of aereral pasaages of this text 
are more leas ooxgeotural. There is room for aerioua doubt, for in- 
stance, whether the expression ** BesHmmungsweism ^ is meant to denote 
the species compr^ended by a genus, or the parts constitutii^ a whole.— 
A wretched translation, of Riemann’s essay, whftih, by its clumsy literalism, 
materially adds to the obscurity and confusion id the ori^nal, wm pub- 
lished in 1S78, by W. K. Clifford (Nature, vol. tiii, pp. 14 and $6 seq.), 
^s wanslatl<m was no dodbt made, not but jfV, Professor Clifford, 


trf mnllipie^l^ehnltoltz traiwlat^ “ jjjjgregatos by “manifold- 

Of by ^im!ig^&idte.noti<m^ etc. Of. onb 

{Ruling hoeiwten for hontiteiL 


by some one who had a very insufflefent knowledge of Genmm. The 
i^ts of the t^wiislatSon«arenotun^ in ^e rendering of Rie- 

nShn^s term (raiietSes. muhiplioities, used In the 
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or, as he expresses it, “ when there is a general concept 
which admits of different specialisations.” Bat the 
question, where this process of snbsnmption begins or 
ends, and what^ are the nature and origih of the highest 
concept or su^mum germs of which all inferior genera 
or spedes must be specializations, does not ocenr to him. 
It is, however, an inejidtable conclusion from Kiesilann’s 
first proposition itself that he holds this most general 
concept to be an priori form or possession of the 
mind, and that he believes the process of deduction by 
which its specializations are derived from it tb be (in 
the language of Kant) a series of synthetic judg- 
ments a priori. In view of tips a further consideration 
of the proposition is unnecessary ; it is refuted by the 
whole tenor of the prCbeding diapters of this book. 
1 may be ^rmitted to observe, however, that it is with- 
out parallel in the entire histoiy of intellectualism 
(usually called idealism) ; Kant, for example, expressly 
disclaims all belief in the doctrine that the intellect is 
aboriginally furnished with ready-made concepts. 

2. The second proposition, that concepts of quantity 
can be tormed and determined only by snbsnmption 
under more general concepts, is probably a vague remi- 
niscence of the old logical rule that all definition y&per 
germs et drfferenUam. lii spite of Biemann's com- 
plaint, in the second sentence of his essay, that hitherto 
the smence of geom^by has given nominal definitions 
only of space and constructions in space — a complaint, 

■ by the ,wayi which, so^^ as it afqplies to constructaons 
in uafounds4-*-he does not seem to have a 

, very eli^ insist into the ni^nre of the distibction be^ 
;;Jtiii^em^d^bait£ons mid concepts. For, if he had prop*, 
ji^sjijsed distisctimi, he could not have 
a^ hSins^tV wlmt^^nnder his 
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beci^e of the mtnmvm pmua “quantity” which is 
the logibal termini!s of the processes of subsumption 
of which he speaks. Is tliis summum gmm also a 
concept ? Theil it must be snbsumable* in'couformity 
with his rule, under a still higher concept which* ex vi 
termim, itt is not, being itself tlie highest. Or is it 
something else — a datum of experience ? If it is, how 
then i9the second proposition to be reconciled with the 
first, according to which everything is to be deduced 
from, as well as subsumed under, a concept ? Or is 
this the’old ease of the hen in Newmarket which.la;^ 
an ^g, from which the same hen presently comes forth 
as a chicken ? , 

The proposition here discussed almost at the outset 
involves our author in the most intolerably perplexity. 
“ Concepts,” he says, “ whose speciaUzatidhs form a 
discrete aggregate (or multiple) are so common that, in 
the more cultivated languages at least, a concept may 
always be found under which tilings, of whatever kind 
are subsumable.” ^The meaning of this is, I take it, 
that of discrete aggregates there are always several 
similar or connatnral kinds or species which ntay read- 
ily be subsumed under a higher concept. “ But,” he 
continues, “ the occasions for the formation of concepts, 
whose specializations constitute a continuous aggregate, 

BO rare in ordinary life, that the places of things 
and colors are probably the only dimple concepts whose 
spemalizations constitute a multiply extended aggre- 

”-^hat is to say, I suppose there is but one spe- 
des of a continuouB aggregate dr multiple other than 
i^ace that adinits of c^rdination and subsumption 
widi it undw the concept “ multiply extended aggr^ 
.gate,” viz., color. This nngulv statement (which, it 
;sbajh6 noted pareiflhetically, is the exact reverse of 
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the trath, lihere being, as we shall hereafter see, but 
one kind of discrete quantities, vii., numbers^ and in- 
numerable lands of continuous quantities) has been 
elaborated with m extravagant expen^ture of analyti- 
cal power b^ Benno Erdmann,* who .finds that there 
are tm triply extended multiples whidi ara coordinate 
and snbsnmable wit^ space bf three dimenuons* under 
the concept of a “continuous multiply extended ag- 
gregate : ” sound and color. Sound, according to Erd- 
mann, is a function of three independent variables, 
'iusv^eneaa, intermty, and timbre (Klangfafb^. Similarly 
color depends on the variables tone, degsrdb ^ aatwraiion 
(Saettigungsgrad), and intenei^.f 

All this is simply puerile. To imagine that condn- 
sions respecting the natnre of space and the origin of 
its concept can be drawn from the mere &ct that space 
is a function of three variables, and may thus in a 
manner be classified with similar functions, is a mock- 
eiy of all reasoning from which an old scholastic would 
have turned with the scornful reminder that coordina- 
tion and subsumption, for the pmpose of efiEectnally 
aiding fin the formation of a particular concept, must 
not only be under a gentta, but under a gernie proxi- 
mum. Weissenbom’s remark,*^ that op the same Ic^- 

* Die aidome der Geometrie (Ldpdg, Itflt) p. 40 

f it is a^nifiesat, In this oonneotion, that aoeording^ to Hdnludts 
(irho also falls in idto IHeinsim’s tbeoiy of oono^tim) the three vati- 
aUto «t the foBotion “color " are the three primai 7 oolots of 
ea(li..sen^ color is said to be a miitnre.. “ 1%e Otigh and Kesidn&'’ 
rite, '-'|Ds4;.«<d,i, p. 809. • *' 

* t ^ Ntdinaan eeeite to hare some lalclfaig, for he iiotes.tbttt' 
•{WM 410^ ftm. ind sonndjn toe eireomstaaee of .the al«aito|e 

Iptotebaii^^^ toe “ffinienil!^*’ of .odw 

VDett^^ tetoe^ aasitoteh tejn Banni?*' VUMeQftoeis^^ 
i|i^>|iiioiBi(Mt M w-fltSasq^^ vaj. g, p.'-8>iu ■- 
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ical .principles space might be coordinated with the 
amount t>f interest produced by a certain capital, which 
is a function of the three variables capital, rale cf in- 
tereet, and perfectly just. And*thei numto of 

species coordinate with space in the same sense'toiight 
be indefinitely increased. For instance,* space might 
be coordinated with the velocity ^f a railway-train on 
a straight road, inasmuch as this velocity is a function 
of the* motive power of the engine, the weight of the 
train, and the grade of the track ; or with the volatility 
of a li^*^)!, which is a function of the nature of tlfb 
liquid, its tainperature, and the pressure of the atmos- 
phere ; or with the capacity of a man for labor, which 
depends on his gen^id health and strength, the quantity 
of nourishment he has taken, «nd the amount of sleep 
he has had ; and so on indefinitely. All this is veiy 
absurd, but not more so than the coordination of space 
with color and sound on the mere basis of the depend- 
ence of each on three variables which are arbitrarily 
called “ dimensiong.” 

8. I come now to Biemann’s third proposition, that 
space is an n-fold extended multiple ” or a ^‘taultiply 
extended aggregate ” {erne mehifeuH oder n^aclk amga- 
deknle MamAgfamigh^ ”). The term Mannigfaltig- 
keit,” as here employed, is a standing puzzle to the 
r^ers of Biemann’s essay. WeiSsenbom, who justly 
objects to the use of an adjeedfe or predicative word 
in an appdlative sense, for the denotation of a snbstan- 
entily, omijeetnres* that it was expr^y devised 
igr Bkanann for the purpose of bringing the concept 
space ’* within the scope df his second propositi<au 
, ,]^ this is a mistake^ Bienranniadopt^ the tenn frem 
' whq was probably the originator of its empWj* 
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ment for the designation of “ space in general ” (as 
distingnished from ^ flat space,” in the metagecmetrioal 
sense).* Oanss, in torn, took the expression, no doubt, 
from Herbart,^ to whose attempt at An elaboration of 
the idea of space from the manifold qnalitatiye data 
of sense I have already referred, and whosetphilosophy 
is, to a great extent,^ sort of reproduction of the old 
Eleatic quandaries about ‘‘The One and the Many.” 
Herbart, in flne, had obtained it from Kant, whose dis- 
ciple he was, or believed himself to be, and whose 
phrase “ Mannigfaltigkdten der Em.jgjvndu'ng ” is vari- 
ously found, not only in his own writin^^ but also in 
those of his followers. 

A 

The only comment which I deem it necessaiy to 
make on this proposition's that space is not a “ multiple ” 
or “ aggr^te ” at all, but that its very essence is con- 
tinuiiy. This, as has been abundantly shown, follows 
from its conceptual nature as well as from its relativity. 
The determination of points in space, or “ elements ” 
of space, results from the establishiyent of quantitative 
relations between its parts, i. e., its purely arbitrary 
divisiorfi, by means of numbers, in the manner to be 
conffldensd presently. I have already drown, in the 

* D> hU of tiw Theoria reridaomm Mqmdfstioonmi, Ovra. 

mentatio eecunda, Qaw says: ^Der Ycrfasser hat sidb vorbeMten, 
den Gegenstand welcher in der Torliegendeii Abhandhing nqr 

ipelsy^estliph betuebii fst, kuenf^ yollstaendig zu betebeitpn, wo 

dSe EMiwm ewMim die eine Mmnig* 

i^fiff 0 memedkJLrUikn^ Oromm Hrfem koenm^ 

^ ^oird.” Ganss, Wpihe, % p, !Phis 

itsilse ^ G^tio^obe Gelslirte Ansei^ of 

. 4 2a bis fleibart ^waks of “ 

iSemip mf dnk Antm.** Beiliia^A 
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last chapter, that space itself is not, in any inteUi^ble 
sense, a q^nantity. * 

4. Biemann’s fonrth proposition is founded on a 
confusion botw^n conceptual possibilify and real or 
empirical possibility. Conceptual possibility is 'deter- 
mined solely by the consistency or inconsistency of the 
elemeflts of tho concept to be fom^ — ^it is tested sim- 
ply by4;he logical law of non-contradiction; wliile em- 
pirical ‘possibility depends upon tho consistency of the 
thing conceived with the various conditions of sensible 
reality, 8r, wliat is tlie same tiling, the laws of natgare! 
This subject, %1 bo, has already been discussed to some 
extent in the last chapter^ where it was pointed out that 
conccivability (in the strict sense of the term) of a 
thing or phenomenon is no pmof of its imaginability 
or representability under the conditions of odr physic^ 
and intellectual organization. Upon this distinction 
depend the utility and scope of the artifice not nnfre- 
quently resorted to, in certain analytical investigations, 
of supposing the ei^jatence of a fonrth spatial dimen- 
sion for the purpose of reducing certain functions to a 
symmetrical form ; and this distinction, too, is the basis 
of an observation made by Boole* twenty-six years 
ago; 

“ Space is presented to us, in perception, as possess- 
ing .tite tinree dimensions of length, breadth, and depth. 
But in a large class of problems ihlating to the prop- 
erties of onrved sur&oes, the rotation of solid bodies 
around axes, the vibration of elastic media, etc., this 
limta^on iq>peu« in the analytical investigation to be 
of tm arhittary character, ^d, ^ aiteni^on mere paid 
io ptoomet qf solution edonoy no reason could be 
dlsoQv^r^ why! apace should not mcist in four, or in any 
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gx^ter number of, dimensions. The intelleetual pro- 
cedure in the imaginaiy world thu& suggested can be 
apprehended by the clearest light of analogy.” Upon 
the same grofind, and in the same tense, Hermann 
Grasshiann, who is sometimes referred to as one of the 
founders of transcendental geometry, has i, developed 
the theory of extem|ion in it$ general application to an 
indefinite number of dimensions, although he certainly 
did not cherish the delusion (as seems to be supposed 
by Victor Schlegel*) that this could be the source x)f 
tnf^nces respecting the number of actual of empiri- 
cally possible dimensions of space. On subject we 
have Grassmaun’s own expUcit declaration ; f ‘‘It is 
dear,” he says, ‘^that the concept of space can in no 
wise be generated by thought. ... Whoever maintains 
the contrasry must undertake to derive the dimensionfl 
of space from the pure laws of thought — a problem 
whi^ is at once seen to be impossible of solution.” 

5. Closely akin to his third and fourth propositions 
is Biemann’s fifth proposition, tha^ continuous quanti- 
ties are coordinate with discrete quantities, both bdng 
in theif nature multiples or aggregates, and therefore 
species of the same genus. This pernicious fallacy is 
one of the traditional errors current among mathemar 
; ticiaus, and has been prolific of innumerable delusions, 
i It is this error which has stood in the way of the former^ 

' iion of a rational, ifttelligible, and consistent theory of 
irmtional and imaginary quantitieB, so called, and h^ 

' ^ true principle^ of ibe doctrine of com* 
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titira are coSrdinate species of the same genns amoimts 
to nothing less thah the thesis that signs are lo^cally . 
coordinate 'with their significates. There are no “dis-' 
Crete quantities*’ except those whidi a^ dtealt 'with in 
special (common) and general arithmetic, j;hat is (o say, 
mumbeTt. •Now, a number is an aggregate or cbllection 
of units each of which simply represents m ad of ap- 
preheneion, whatever may be the extent or nature of 
the object apprehended. If this object is designated 
as a quanbiby, a number is not a quantity at all, nor a 
measure of quantity, but simply an intellectual vebi^ 
of quantitiqs-^ purely subjective instrumentality for 
their comparison and admeasurement AU the unceiv 
tainty and confusion which are characteristic of the 
numerous attempts to define and classify quantities are 
due to the ignorance or neglect of this Elementary 
truth. Quantity has been defined as ‘‘that which is 
susceptible of augmentation, diminution and dirision,” 
and as ‘^the genns of which magnitude and multitude 
are the species;” Of quantities have been first divided 
into exKmmm quantities (space) and vatmmm quantities 
(forces, colors, sounds, and all subjective afiectidns), and 
the extensive quantities have then been subdivided into 
eotUmuom and diaorde. Now, the fact is that all ob- 
jects of ajmr^ension, including all data of sense, are 
*» themadmif i. e., within the act of apprehension, es- 
sentially continnous. They becoihe discrete only by 
Wng fflibjeeted, arbitrarily or necessarily, to revenl 
ai^ of apprehensioa, and ly ^us being severed into 
.pfsts, or cofirdinated wifih other objects similBrly appie- 
hsmded into whoks. To tiay tlmt a datum of sensation 
^ bf .mrbjoetive feeling k in itself discrete is to assert 
|^ i^;iSahBolnt^;i^ deny that quantity is esser^- 
. And^ maintain who.an^ 



262 


COmnEFTS OF UOOEKN PHTBICS. 


of positive, negatiye, fraotiooal, irrationid, imaginary, 
complex, linear, or directional nnifibers) tbat«nnmber 
may be continuona is to ignore the plainest and most 
nnmistakatile &ct in all our intellectoa]^ operations, and 
to misinterpipt all the teachings of the histoiy of mathe- 
matics. Numbers, in themselves, being mere groups 
or series of acta of . intellectual apprehension vfithout 
reference to their contents, are not and can not be posi- 
tive or negative, much less fractional, irrational,' or im- 
aginary. They can, indeed, be applied, not only to data 
of sensation and of subjective feeling, but alBO,*by anal- 
to relations between them, including, relations es- 
tablished by the intellect. T,hey can, therefore, stand, 
not only for things, but also for their actions and reac- 
tions and for the operations to which they are subjected. 
A numbe^may represent motion in a given direction 
and in the direction opposite to it, thus becoming af- 
fected by the signs and minua} but these signs do 
not indicate any change in the nature of numbers, but 
merely a particularity in their application. Similarly 
numb^ may represent ratios and assume the form of 
fraotioxts; but the numbers do not thereby cease to be 
what they are, viz., units or collections of unit^ and 
therefore essentially integers. Fractioxis can be j^p- 
erly called numbers only in the sense that they point to 
the division, not qf ^ .jprimary imita ea^maawe iSoa 

origin ouAa of cgppre^enaion, hvi <f 'ffua o^geda 
jb^td^ into subordinate units. Again; numben may 
' ^ EogE^of Operations upon quanlilies that can not be 
ettc(»MiisfB% performed, such as Ihe leduc^n of the 
^ Jind the side of a square to a eommon measeni 

q^r wor^s^ the establishment of a de^te sum^ 
Jetd r^ het^^ two quahtitieB whidx db pei a^l^ 

!'a •« V. xi- - Ml. 
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finds expression in a sign prefixed to a number which, 
together* with its fignifioate, is ordinarily termed an 
irrational quantity ; but the irrationality lies, not in the 
number, but in the attempt at its application to incom- 
mensurable magnitudes. The same thing is true, hvuixi- 
tU muiamdisy of imaginary quantities ” and complex 
numbelfi.” The object of the aqt of apprehension, 
which 9B represented by the numerical unit, may be, 
not only rectilinear motion or transference in a given 
direction, but also angular motion ; as the calculus of 
quatemil^B expresses it, the unit of operation may S 
tensor, or a«'^ersor, or both; whence it follows that 
whenever the attempt is qiade to represent such an op- 
eration in terms of linear units with their positive or 
negative prefixes indicative of a*fixed direction in which 
the motions, whereof the lines are the measul-eB, occur, 
tlte attempt again fails, and this fact emerges in the form 
of the symbol which (being part of a system of symboli- 
zation that is not comprehensive enough to embrace the 
new operation) assnqies a so-called imaginary form. But 
here once more, it is not the number which is imagi- 
nary, hit the operation as interpreted in conformity 
v)Uh Me oonvmtioncd rules tf sywibclleaUon, the con- 
sequence being, that these rules have to be extended, and 
that the meaning of the symbols has to be widened. 
But this again imports a (dmnge, not in the nature of 
the signs, i. e., of the numbers, but in the nature and 
extent of their significates. In this manner the scope 
of arithmetical (and, pf course, algebraic) symbolization 
is Continually extended, not only by enlarging, but also 
^ wholly charging the t^ngs, xelationB or operations 
whirdr are simoessively the obje^ of intellectnal aj^ne- 
hruM&m, All this is perfectly safe and legitimate, pro- 
tdded l^t the clmig^in the signifioation of the i^ymbols 
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bf made in confonnily vitih the lo^cal canon, of ,con- 
gkency, and with due regard, moreover, to the effect 
of each change upon the validity of the rules govem- 
iiig tl^e qmtheses and analyses to which^^the symbols are 
subjected 1^ the operation of ordinary arithmetical 
or algebraic multiplication, for instance, the kw of com- 
mutation is of universal validity. Multiplication''being 
nothing more than an abbreviated addition, the multi- 
plicand and the multiplier may exchange places or func- 
tjons vrithout any effect upon the result. In the calcu- 
lus of quaternions the mathematician ^erafizes the 
principle of multijplieation, defining it as ^a process of 
finding a quantity which is produced from, or related 
to, the multiplicand in the same way in which the mnl- 
tiplimr is produced from* or related to, the unit. Under 
this new definition he multiplies lines and other quan- 
tities into each other; but now it appears that the law 
of commutation is no longer generally applicable. The 
reason is that the apparent expansion of the principle 
of multiplicati<m was in fact alw a limitation, or rather 
a ffufting of the meaning of the arithmetical or alge- 
braic s^bol— a removal of the condition upon which 
the validity of the law of commutation diqtended; I 
may chserve here, incidentally, that it is a mirinhe to 
with KeUand and others, that the calculus of quate^ 
idoas grows out of the common arithmetical or alg^ 

. -tnaio calculus by the removal of limitations, l^e 
ji^ ^duced shows that it may involve im* 
iff ' iimitaffens as well. iPor this leasoh 
law, he caDl the prinifiple of the jpoin^ 

; ' . hshe^;^ viz., that “ witoever alghbfrd- 

^imn the ' 
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wliei\ the symbols are general in valne as well as in 
forms,” in order & be available as the fandamental 
principle of the theory of “ complex numbers,” reqnires 
a modification f& more serious than is impHbd in^Han- 
kel’s new statement of it as ‘‘ the principle of the per- 
manence of^ formal laws.” For the expression ‘‘formal 
laws ” 18 ambignons and leaves ns tin doubt as to what 
laws are formal in the sense of being applicable to all 
the operations which are in any way representable by 
arithmetical or algebraic symboK 

The iirror respecting the true nature and functiisa of 
arithmetical And algebraic quantities has become next 
to ineradicable by reason .of the inveterate use of the 
word “quantity” for the purpose of designating indis- 
criminately both extended objects or forms of exten- 
sion and the abstract numerical units or aggregates by 
means of which their metrical relations are detemined. 
The effect of this indismminate use is another iUnstra- 
tion of the well-known fact in the history of cc^ition 
that words react powerfully upon the thoughts of men, 
and by this reaction become productive of incalcnlable 
error and confusion. It is not to be expected, of ’conrse, 
that mathematicians will cease, at this late day, to speak 
of arithmetical* or algebraic qrmbols as “quantities;” 
but there may be a little hope for the soggestion that 
they might return to the old phrase “geometrical (and 
othm*) magnitudes.” The misddef^lies, not so much in 
the use of a particttlar word, as in the ern^oyment of 
fib# spine word for the denotation of objects differing 
jpadi ofiber ^ generis.* 

: ' ^ oo^iiefkxl^d the w of ini^roper and mU^eadi^ 

^ rndmad^erted oa bjGaiun himself in tbenod^ 

, liiap. whm he , speaks of. the obseui^ 



2R6 COKCEFTS OF MODBBN PmSIC& 

The ignorance or oblivion of the distinction hero 
Toferrod to also illnstratos a phase in' the bistoi^ of error 
cxeuipMcutious of which have repeatedly been met 
with in tho ;^receding pages: the cobfnsion between 
jturely conventional forms of thought and q>eech and 
forms or laws of objective existence. This> confosiou, 
whidi is at the bottom of the old assnmptiou that our 
arbitraiy or conventional classifications of natural phe- 
nomena are coincident with essential distinctions be- 
tween thorn and can be used as a source of inferences 
respecting their nature and erigin — ^that, as ^mo one 
lias said, the score of the Loi-d’s creatioh,Jiko that of 
Haydn’s Creation, is crossed 'jrith bars — been pro- 
lific of an endless train of fancifnl presnmptiuns by 
which die progress of science is incessantly obstmctciL 

For thb reasons here set forth, the terms ‘‘ abstract 
and concrete numbers ” are also faUocions and mislead- 
ing. Knmbt'rs, in themsolver, are essentially abstract, 
in another sense they are necessarily concrete : they al- 
ways stand for some particular objegt, relation, or opera- 
tion. They ore nothing in themselves. This remark 
is doubly true of algebraio symbols wliich require in- 
terpretation, in the first place, by assigning to them 
particular numerical values, these, in turn, remaining 
without fdgnificance until the units, *of which they con- 
sist, arc referred to their prt^r objects, relations, or 
operations. This no doubt, Duohri^s meaning 
when h« observes, somewhere in his History of tlio 
Principles of Hechanios, that algobraie symbolization is 
radically 4icfectivo iuasmndi as it makes no display of 
the nnmcricsl units which aap the essential coefficients 

ObftervM; “If -f 1, — 1, had iM>t bean 9nlled pwltife, aegadva. 
iraafSlaoiy (or area iupMutble) tmlto, bnt,^ uani^ dSN^ immmt 
vSfM, tide ebsfnftr myld hara mtlAsd.** 
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of ^orj literal i^mboL Ho might hare extended this 
observation by ad^g tliat the use of letters as alge* 
brair symbols, i. o., as representatives oj^ numbers, is in 
itself a serions* (though, perhaps, an nnavoidablo) in- 
firmity of msthomatioal notation. In the simple for- 
mula, for instance, express} vc of the velocity of amoving 

body in terms of space and time ^v — ^, the letters have 

a tendency to suggest to the mathematician that he has 
before him direct representatives of tlie tilings or ele- 
ments vKth which he deals, and not merely of their 
ratios expressililc in numbers. In every algebraic opera- 
tion the use of lettcra obscures the real nature, both of 
the processes and of the results, and tends to strengthen 
ontological prepossessions. * , 

The true theory of the relations between arithmet- 
ical or algebraic quantities and magnitudes of extension 
was stated long ago, in Germany by Martin Ohm and 
in England by Geoige Peacoi^ (the Dean of Ely), Au- 
gustus de Morgan, D. F. Gregory, and others ; but the 
writings of these thinkers have produced little impres- 
sion upon eontomporary and succeeding generations of 
mathematicians. This is peculiarly apparent in the 
books and artides expository of the theories of “im- 
aginary quantities ” and “ complex numbers,” and of 
the doctrines of the calculns of qu|temionB. The im- 
mense extension of the sphere of analysiB since Dea- 
eartes’s new application of algebra to the determination 
of geometrical magnitudes is almost universally attrib- 
uted to a growing insight into the true character of 
“arithmetic quantities,” and to a progressive e:^ca- 
tiem of the essential implications of number. It is sup- 
jposed that Euclid’s dqpial of the existence of numeri- 
fisd ratio&between inoommensurable quantities, as well 
• X 
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as the pro! eats of tho early occidental arithmeticians 
and algebraists against negative or irrational ntfrabers as 
‘^nimteri abninii infra or ^^mwmerifictif or the 
designation by Girolamo Cardano of tho negative roots 
of an equation as wstimationeis Jicta” representing 
solntions mjphisticaf are one and all 'simply evi- 
dences of the ignorance of these several writers 'of the 
real nature of nnmbei's. It is not at all uimsnaHo meet 
with the dogma, in treatises on the tlieory of complex 
pnmbers,” that algebra and arithmetic are essentially 
i^ear, numeration being impossible except b;f progreb- 
sion, in equal stops, in the direction of a^straight line.* 
And, 1 may add, the belief is. by no means uncommon 
that mctageomctiy is an advance beyond the old doc- 
trines concerning the delations between goometrieui 
forms in ordinary s])aco, in the same sense and by the 
same logic in and by which the calculus of quaternions is 
an advance beyond ordinary analytical geometry. 

The foregoing discussion has brought us to the point 
where tlie reader is in a cmrditiooa, 1 hopo, to realize the 
great fundamental absurdity of Biemaun’s endeavor to 
draw inferences respecting tho nature of space and the 
extension of its concept from algebraic representations 
of ^ mnltiplicitieB.” An algebraic multi}>le and a spa- 
tial magnitude are totally duparato. That no conclq- 
sions about forms of extension or spatial magnitudes are 
derivable from the forms of algebraic functions is evi- 
dent upon the most elementary considerations. The 
same algebiaio formula may stanch for the most variotis 
thinp. Equations of the second degree, for example, 
may represent either geometrical areas, or geometrical 
curves. The equation y = al* may represent, either the 
area of a square whose side is ot a parabola (referred 
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to au axis of ordinates) whose parameter is 1. If lUe- 
mann’s Argument were fundamentally valid, it could be 
presented in very succinct and simple form. It would 
be nothing more than a suggestion that, b&causg alge- 
braic quantities of the first, second, and«third degrees 
denote gedmetrical magnjtudes of one, two, and three 
dimensions respectively, there must be geometrical mag- 
nitudes of four, five, six, etc., dimensions correspond- 
ing to algebraic quantities of the fourth, fifth, sixths 
etc., degree.* ^ 

It ia hardly necessary to say, after all this, that the 
analytical afgument in favor of the existence, or possi- 
bility, of transcendental space is another fiagrant in- 
stance of the reification of concepts. 

f 

* It is not unworthy of remariE, here, that the practioe of#eading a* and 
ae* as z square and x cube, instead of x of the second or third power, is 
founded upon the silent or express assumption that an algebraic quantity 
has an inherent geometric import. The practioe is, therefore, misleadr 
in^ and ought to be disused. I^rincijnis obsta ! 
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OOBMOLOGICAL AOT OOSMOOENETIO SPBOULATIONB. — THE 
NEBULAR HYI'OrnEBIS. 

« # 

£iee all metaphysical theories, the atom^mechanical 
theory has its cosmogonies. All metaphysical cosmog- 
onies are attempts to deduce l:he universe and its phe- 
nomena from one or mgre primordial elements by the 
applicatioii of a few general principles* The cosmogo- 
nies of the atomo-meehanical theory are attempts to 
deduce the universe and its phenomena from the ele- 
ments of mass and motion by the application of mechan- 
ical principles expressive of the simple laws of motion. 
As has been ^own, the ultimate problem of the atomo- 
meehanical theory, to whose effectual and complete so- 
lution the physieists of the day look forward with a 
greater or less degree of confidence — ^though many of 
them are clear-sighted enough to regard it as an aspira- 
tion never to be realized — ^is the ediibition of all vital 
and organic phenomena as results of ordinary chemical 
and phyrieal action, and of chemical and physical action, 
in Inm, as exchanges and transfei^ees of mechanical 
motioii constant and uniform elements of mass. 

A 4^0^1011 necessarily preliininaiy to cosmological 
apeim&i^ns of whatever "ki has been extensively 
moot^, oi Ute^ mathematicians and physicists alike, 
qiwtiop' respecting the ^nitude ot itifin^de of : 
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the iini'^orse in time, space, and mass.* A cosmogony, 
properly so called, inevitably involves the presnmption 
that the universe is finite in past time at least, for it is 
a theory rospecfing the origin or hegvnmn^ot the nni- 
verse. The vision of the cosmogenetic tl^orist extends 
backward,*either to the absolute nothing, or to a state 
of physical uniformity wholly destitute of those phe- 
nomenal differences and changes which are the essential 
prerequisites of the notion of time. This universal 
cosmogenetic presumption of the finite duration of the 
univers^in the past has recently been supplemented by 
the assertion of its limited duration in the future — an 
assertion founded on a variety of physical considerations, 
the most noteworthy among wUch is the doctrine of 
the progressive dissipation of dhergy. This doctrine is 
stated in the most intelligible form, perhaps, by Sir 
William Thomson,f and is embodied in the following 
propositions : 

‘*1. There is at present in the material world a 
universal tendentyato the dissipation of mechanical en- 
ergy. 

“ 2. Any restoration of mechanical energy, without 
more than an equivalmit of dissipation, is impossible in 
inanimate material processes, and is probably never 
efiEected by material masses either endowed with vege- 
tal>le life,, or subjected to the will of an animated creat- 
ure. * 

3. Within a finite time past the earth must have 
been, and within a finite period of time to come the 
earth must i^ain be, unfit for the habitation of man as 

* Of. Wondt^ " Vdm du ifoembtogbdie ProUcm,” yiertdjalini- 
sdirift tan wiaMbMbtftlidbe Rdlosophie^ voL i, p. SO m;. 

I "0a« IlsiVenMl Tea^esflirin Katureto die DlMipatiOB of Medflu^ 
ind S/mtik” iv, T(d. ir, p. 8M 
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at jpreeent constituted, unless operations have been, or 
are to be, performed which are impossible under the 
laws to which the known operations going on at present 
in the matdriaf world are subject,” * 

The reasoping by which these conclusions (which, it 
may be noted in passing, are carefully and in terms 
confined to our planet, or, at least, our planetary sys- 
tem) are arrived at is that, inasmuch as ^ th»' opera- 
tions of nature, which constitute its life and action, 
depend upon transformations of energy, and as every 
suchctransformation, in conformity with the selSbnd law 
of thermo-dynamics, is in effect (to use the expression 
of F. G. Tait) a degradation from a plane of higher to 
one of lower transformability or availability, the ulti- 
mate effect must be a drnveision of all the energy of 
the world mto heat and a reduction of its temperature 
to absolute uniformity. From this state of uniformity 
in the diffusion of heat no restoration of available en- 
ergy is possible ; for heat admits of transformation into 
other forms of energy only by passhog from a body of 
higher to one of lower temperature.* 

* The doctrine of the dissipation of energy has been extensively de- 
veloped by dan^ns, who designates the sum of the p^sible transforma- 
tions of the world^B cneigy as its enttopy^ and announces that the 
entropy of the world tends to a maximum.’^ (^ogg. Ann^ vol. cxxl, p. 1 ; 
Abhandlungen ueber die mechaniix^ Waermethcotie, vol. ii, p, 44.) It 
Is to be regretted that Taft, while adopting the word “ entropy,** under- 
takes to use it^ as he hims^ says (Thermo-dynamics, % 48 ; id,, g 178), 

^ in oppb^te sense to that in wMch Clausius employed it,** and that 

iisxee^^^ Heat, pp. 18$, 188) folios him* Nothing is more 

an arbitrary change in iwientifie terminology^ , 
. esfNENQiel^^ the reedyed meaidngof sierm.. 

It onglit Tidt does not even succeed In his attempt io . 

* leyeine'pt^u^ and ^at HaAW6ll,.too, is In error tilm . to 

ssys thi^>Ctto^ weed p denote the paitot 
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It is clear that, if the law of the dissipation of energy 
apphcs to the uni^rse at large — that is to say, if the 
dynamics of a finite material system can be legitimately 
extended to the Cosmos as an infinit# whole — ^there 
must, sooner or later, be an end of the universe Identi- 
cal with its beginning as assumed by the alomo-mechan- 
ical theory. The processes of nature must eventuate 
in a thorough homogeneity of its elements — ^in a com- 
plete ibsence of the differences and changes which 
constitute the attestation of its real or actual existence. 
This conclusion has been sought to be avoided by tile 
assumption pff the finitude of the universe in mass, or in 
space, or in both. The^first impulse in this direction 
probably came from an article of W. M. Bankine^ 
(published shortly after the appearance of that of Sir 
William Thomson), in wliich it was arguol that “if 
there is between the atmospheres of the heavenly bodies 
an interstellar medium perfectly transparent and dia- 
thermanous — ^i. e., incapable of converting Ught and 
heat from the ra^ant into the fixed or conductible 
form, and thus incapable of acquiring any temperature 
whatever — and if this interstellar medium has bounds 
beyond which there is empty space, the radiant heat of 
the world will be totally reflected and will ultimately 
be reooncentrated into foci in which a star (i. e., an 
extinct mass of inert compounds) would be vaporized 
and tesdved into its elements, a store of diemical force 
bmng thus .reproduced at the expense of a corresponding 
amowt of radiant ^eat.’^ 

' . ^e supposition of the finitude of the mass of the 
univeme was hot new ; it ha4. often been made before. 
' But .here it presented itself in a new form. Hitherto 

; ' the Bewmomtn;^ ^ the Ueduuikal Energy vt the Uni. 

■'■iitimfi- *Ti ^ "S'* 
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the sapposition had boon tliat the mass, though limited, 
waa diffused throughout unlimited' space; anot in tliis 
form it lias recently been revived by Wundt, who im- 
agines tliat the finitudo of a mass maybe reconciled 
with 1^0 infinitude of its volume by the assumption of 
an endlessly progressive inereuso of its ti^uuity, the 
mass being tak m as the finik‘ sum of an infinite con- 
verging series. Bankine, on the contrary, Te^iujred the 
physicist to grant that the mass of the universe is finite 
also in extent and is everywhere surrounded by void 
space. The concex>tion of a material univofsc thus 
bounded in boundless sjiace obviously ]»r^nts insur- 
mountable difficulties ; and iu view of tliese difficultios 
many astronomers and phyoicists hailed with delight 
the thesis of the motagoqineters that iqpaco itself, though 
unlimited 2>y reason of its inherent curvature, is not 
infinite, and that, therefore, the mass of tlio universe 
must be finite, however diffused. Tliis thesis viras 
doubly welcome because it appeared, at first sight, 
also to afford the moans of escape from another diffi- 
culty raised by the astronomers, tn 182(> Olbers* 
observed that, if the number of bodies in the univeise 
radiating heat and light is infinite, each point in space 
must receive an infinite numlicr of caloric and luminar 
rays, and most, therefore, be infinitely hot and bright- 
adding, however, that this oonsoqiienc.e could be avoid- 
ed by supposing an .absorption of the greater part of 
these rays by the dark and cold bodies in space. But 
this salvo at onoo appeared (piestionablo, on the refieo- 
tion that the dark and cold bodies ^disseminated among 
the luminous stars must speedily reach the point d 
incandescence, and that their absorbing power must 
soon bo exhausted. 

* Bode** aitran. Jobibacib, 1826, p. 110 Qaatad Iqr ZofUiwr, 
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There is supposed to be a still further and similar 
perpie^Qty, growiuj^ out of the. fact of gravitation, espe- 
cially in view of its instantaneous action. It is said 
that a universe consisting of an iniiiflte •number of 
bodies attracting each other would not only be without 
a definite acenter of gravity to which all cosmical mo- 
tions dould be referred — ^fts conte^ of attraction being 
everywhere, and therefore nowhere — ^bnt would result 
in an 'infinite pressure (1 follow the expression of 
Wundt, though it would, perhaps, be more correct to 
say an mfinite aU-am) at every point in space. .This 
difficulty, iiv {^articular, is urged by Wundt as insuper- 
able so long as the mass pf the universe is held to be 
infinite; it can, in his opinion, be overcome only by 
the assumption that tins mass k limited. 

It is unnecessary to enter upon a minntd examina- 
tion of the validity of these considerations adduced in 
support of the theory of the finitude of the material 
universe. As to the last of them, relating to the ef- 
fects of radiation a^d gravitation, it is readily seen, and 
has been pointed out by Lasswitz,* that they lose their 
force the moment we recollect that the intensily, both 
of radiation and gravity, decreases as the square of the 
distance increases, and that the infinite series expressive 
of the several effects of heat, light, and gravitation are 
converging, their summation yielding finite results. 
And of, the application of the dodtrine of the dissipa- 
tion of energy to an infinite universe it is to be said 
that it is wholly in%dmiBsible. That doctrine is, no 
doubt) irrecusable in its application to any finite mate- 
rial system. Every such %jrsteitu must come to an end, 
as . it has had a b^nniug. And this is true of every 
ititih system, whatever its eirtent. But it is not true cff 

I V * Thrtd^iiiriBdulft h w, P, wL i, p. 129 
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a imiveTse absolutely unlimited. Neither the law of 
the GonBorvation of energy, nor that* of its dissipation, 
can be legitimately applied to it. The universe, taken 
as absolutely iiftinite, is not a eonsorv»^ive system and 
is notf in any i)roper sense buhject to physical laws. 
We can not deal with the Infinite as with jv physically 
real thing, because definite physical reality is cooEten- 
sive with action and reaction ; and })hyHical l§.ws can 
not be applied to it, because they are determinations of 
the modes of interaction between dislinct, finite bodies, 
^he ^universe, so called, is not a distinct b^dy, and 
there are no bodies without it with which Jt could in- 
teract. Operations with the teim Infinite in analogy 
to operations with finite terms are as illegitimate in 
physics as they are in miathematics. Tlio Infinite is 
simply th(f expression of the essential relativity of all 
materiiil things and their properties, and is thus, in a 
sense, inherent in every finite form. It is the basis of 
all the relations which constitute sensible actuality, but 
it is not itself a group of such relations. It is the back- 
ground of aH material actions and forms ; no system of 
element!^ or forces can exist without it, or is cognhsablo 
without reference to it ; and in tliis sense, and in this 
sense only,t}Le universe is necessarily infinite in mass as 
well as in space and in time. 

It follows that all cosmogonies which purport to be 
theories of the origin of the universe as an absolute 
whole, in the light of physical or dynamical laws, are 
fandainentally absurd, ^e only question to which a 
series or group of phenomena gives legitimate rise relates 
to their filiation and interdependence ; and the attempts 
to transcend the bases of this filiation and interdepend- 
ence-— to determine the conditions of the emergence of 
physical phenomena beyond the^bounds of s|mio 6 and 
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the ymits of time — ore as futile as (to use the happy 
simile of Sir 'Wilfiam Hamilton) the attempt of the 
eagle to outsoar the atmosphere in which he floats and 
by which alone lie may be supported. * * 

This leads me to a discussion of a cosi^ogenetic the- 
ory which 4iaB attained to great celebrity and very gen- 
eral acceptance, under the name pf the Hcbular Hy- 
pothesis As now generally held, this theoiy may be 
briefly stated as follows : 

PrimordiaUy the materials, which are at present 
found, jArdy at least, conglomerated in the bodies pom- 
posing the stCllar, solar, planetary, satellitic, and me- 
teoric qfstems, were uniformly Aspersed throughout 
space. In some way, by the action of cosmic (attrac- 
tive and other) forces, this uniformly difinsed and very 
attenuated matter came to be divided into Ikrge nebu- 
lous spheres which began slowly to rotate, the rotation 
resulting, perhaps, from the act of division, or from in- 
ternal differences in their densities and irregularities in 
their forms, whiclj deflected the lines of gravitation 
from a strictly radial direction, the centers o£ attraction 
no longer coinciding with the centers of flghre. In 
proportion as these spheres parted with their heat they 
contracted ; and this contraction led to an increase of 
their velocities of rotation in conformity to a mechani- 
cal law known as the law of the eonserv&iion ^ areas 
or <if emffidar nwmeinifum. This la<r, in its most gen- 
eral expression, is simply a corollary &om the law of 
inertia, from urhich 4 follows tlist the resultant an g ula r 
momentum of any material system can not be changed, 
mther in msgifltn^e or th^ direction of its axis, by the 
mutoal abtion of its ednstitnents.* For the purpose of 

^W8 of oojwerwtioii*— thfi oonflerw* 
«ad of ^eigy^^aro (aa I baYO 


^ All \ V 4jna»mloil 
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its tipplicadon to a rotating nebnlons mass, howeve];^ the 
law may be more intelligibly stated in another form, 
viz., that, whatever change of volume or form may be 
produced ih a material system by the nfutual attraction 
of its constituent elements, the sum of all the areas de- 
scribed by the veotorea of the several elements or 
particles round the center of rotation, in a unit of time, 
is constant Kow, the ar^ being proportional to the 
squares of the diameters, it follows that the angular 
velocity increased with great rapidity as the contraction 
of a. nebulous mass proceeded. An immedi^ conse* 
quence of this increase of velocity was a ’proportionate 
increase of the eentiifugal.force in the equatorial regions 
of the rotating sphere, so that in course of time this 
force came to balance, *and afterward to exceed, the 
centripetal gravitation. This led at first to a dispro* 
poitionate contraction of the sphere at the poles and to 
the assumption, by the spheto, of an oblately spheroidal 
or lenticular form, and eventually to successive detach- 
ments of equatorial rings or zones which at first circu- 
lated round the residual mass in the direction of its 
origiiud* rotation, but whidi — ^by reason of the instabili- 
ty of such rings in case of the least departure from ab- 
solute regularity of form or constitution-^broke up into 
parts, forming one or more minor spheres or spheroids. 
These continued to revolve round the sun with a veloci- 
ty n^ly equal to fhe rotatory velocity of their mate- ' 

alnsd^ te^Kcatcd in the sixth ohspter) at bottom nothing mora than ap- 
pfieotlo^ pf the prindpte of inertia to eon^lex material BTStems. It is 
the gnat mwtt of Poiomt to hove bron{^ to li^t the fOnnal onalogleB 
(ptefigared, to s eeitahi extent, ha Hie yrith^ of Baler) between the laws' 
^gnii^tidpg naotamehts of rotation and tboN detenni^tg tbs fi»ms of 
>^iiiai7: tronalrtow motion, is todl^ neOessaiy to odd tjiat Hie haw 

rid; the osasafTgBotfof owsa Is in.lbttt a geiijffliiijstlniiot Bqpisrti aeciwB| 
■IiwL:..' ,, '•••/' ■' ' c* ' 
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rials at the moment of thdr detaduqent and congloba* 
tion.' In most cases, probably, the whole mass of such 
a ling coalesced into a single body, i. e., into a planet, 
while in some oases several bodies were formed, sncb as 
they appear in onr planetary system in the zdne of 
asteroids. .Each of the planets, while revolving round 
the residual mass whose 'condensation is supposed to 
have p];pduced the sun, also b^n to rotate on an ucis 
of its own, the direction of this rotation coinciding with 
that of its revolution. It thus became subject to the 
same dynamical conditions which determined the eyoln- 
tion of the ]gapent system ; it also threw off rings which 
either retained their form (as in the case of the Satur- 
nian rings) or formed into minor satellitic bodies. 

The aiguments which have* been advanced in sup-' 
port of this hypothesis are so well known* that it is 
hardly necessary to recapitulate them. Among them 
are the existence, hi the stellar regions, of nebulous 
masses in various stages of condensation ; the evidences 
of the increase of temperature from the surface of our 
planet toward the mterior ; the proximate coincidence 
of the orbital motions of the several planets, both in 
direction and plane, and the further proximate coinci- 
dence of this .orbital motion with the direction and 
plane of the sun’s rotation ; the similar coincidence of 
the directions of the orbital motions of the satellites 
vrith the axid motions of their planets;, the oblately 
spheroidal form of the rarth, and, as far as we know, of 
the other plapets, which peculiar form has not only 
been theoretically demonstrated, but has also been exr 
perimentally drown, by M. Plateau, to be the form 
necessarily assumed a rotating body in a liquid or 
seourlaquid states These cbnsid^tions were adduced, al- 
most sam^ 01 ^ and form, by Kant and I<aplaen> 
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and they have since been supplemented by a variety of 
other considerations more or less plahsible, among which 
may be mentioned the agreement of the theoretical con* 
sequences of flie fact, that the projection of planetary 
masses from^ the parent globe must ha^e taken place 
with ever-incroasing rapidity as the contraction of the 
globe prc^ressed, wjth cert^ well-known feattlres of 
our own planetary system. Attempts not wholly un- 
successful have even been made to effect a deduction, 
from the elements of this theory, of the empirical law 
respecting the distances of the several planete^from the 
sun which is known as the law of Bode dfcTitius. 

The nebular hypothesis, ^ a theory of the origin, 
not only of our planetary system, but of stellar and 
* planetary systems throughout the universe, is common- 
ly ascribed to Laplace, who is supposed to have been 
unaware of the fact that the hypothesis which he ad- 
vanced had been published by Kant, in his Natwrge- 
scMoKte Himmdsy in 1765, nearly half a century 
before the first appearance of du Syih 

teme du Mimde^ in 1796. But the truth is that the 
Nebulalr Hypothesis, in the form in which it is now 
generally held, is due to Kant, and differs in several 
^ntial pi^iculars from the hypothesais of Laplace. 
This latter ISypothesis is limited in terms to our plane- 
taiy ’system, and there is no indication in any ct the 
votings of the Prench astronomer — certainly none in 
ids du he ventuied 

^^^texi4 tlm as waa expressly 

do|3te::}^‘ K^t.’ But &ere is a difference still more iin*- 
between the hjpbt|te6es of the two thmke^ 
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aiy gubstance and filled the whole space of the system 
in which these sph'eres now move.” * This assiunptiou 
is common to all recent forms of the nebnlar hypoth- 
esis that have fallen under my notice-^they all postn- 
late a difiosion of the entire mass of th^ sun, pllanets, 
comets, and satellites constituting our planetary system 
throughout the planetary space. , The assumption of 
Laplaco, on the contrary, is simply that Me (sbmo»phere 
of (he mm at one time extended beyond the orbits of 
the farthest planets, and that the formation of the 
planets and their satellites as well as that of tlie comets 
was due tob^ gradual cooling and contraction of this 
atmosphere.t , 

It is hardly necessary to say that the laplacean form 
of the nebnlar hypothesis is far too narrow to serve the 
purposes of a general cosmological theoiyf. Such a 
theory demands the derivation of the several concre- 
tions of cosmical matter from some primitive homo- 
geneous mass. This demand is complied with by the 
hypothesis of Kaqt ; but it is very partially, if at all, 
satisfied by that of Laplace. And this brings us into 
the presence of a formidable difficulty. It 'is to be 
feared that, in proportion to its amplification to cosmo- 
genetic dimensions, the nebular hypoth^ parts with 
its v^diiy as a physical theory. This Bdi[>}ect was ex- 

^ ** 1<^ nehme an, dass a 2?0 Maieriey darau$ die Fugdn an unuret 
BmiMniwiU aJUe PUmeien wnd Ktmekn bextehm^ im Anltog aller 

Dinge in ihran elamentarUidien Orundstoff auf^bes't, den ganzen Baum 
des Weltgebaendee erfaellt haben, darin jetzt diese gebildeten Koeiper 
benanlaufen.’’ ” NataEg4ddchte des HinunelB,” Kant’s Werke, toI. yi, 

f “ La conflicldfaliiQii des ^u^exnens {dandtaires nous oondnit done d 
penser qu’en veitu d’ii» bhalenr exoessiTo du xoM s’est 

pfhnlihreiiient dtend^ 'an dela dea ovbes': do toutes les ptandtes, et- 
, sjpst i^Merrde see limites aetueUes.^ Byfr* 

;>tdi^idqHbn^!(2aa(e'dfiLVP- ^0* ' ' ' • . 
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amined, nearly twenty years ago, by M. Babinet, in an 
artiele on the Oosmogony of Laplace,* in which he 
shows that the actual rotatory velocities of the several 
planets are«in fact vastly greater than the velocities to 
be deduced, ^ the aid of the law of the conservation 
of areas, from the nebular hypothesis, if thatihypothesis 
includes the assump^on of a'diffusion of the solair mass 
itself throughout a space coextensive with the limits 
of our planetary system. “ Several persons,” rays M. 
Babinet, “have thought that the sun himself had origi- 
n^y^been expanded so as to fill the entire space now 
occupied by the planets, although Laplace expressly 
mentions that at the moment, of the formation of these 
bodies it was only iJie aimoyphere of the sun which had 
this vast extent. We are able to test this question 
mathematibally, by calculating from the sun’s actual pe- 
riod of rotation, whidb is twenty-five and three tenths 
days, what would be the velocity of rotation if, con- 
serving the sum of the areas described by all its mate- 
rial points, it were expanded so that^ts r^us, which is 
now equal to one hundred and twelve times the equa- 
torial radius of the earth, became equal to the distance 
from the earth to the sun, or from Keptune to the sun. 
. . . The calculation on the first of these bases gives 
a rotation of 1,162,000 days, amounting to more than 
three thousand (3,181) years. The period of revo- 
lution calculated on "the second basis would evidently 
nine hundred times greater, that is to say, more than 
.tw<raty-ee#w thousand ^ ^ 

. *^N'iM,i(<>r™F<^d»kOiMmoeoafedeIapl8ee,'’Ooticitw3le^^ 
ASIwgr, ’ V; atteoticn ma Innm to thili «Tticle..b7 a ptsnjggi 
'U,.«a ii^ete8tiinK.;EUle para^det (A Dr. BL Biidde,of Koi-. 

eiL Webor, vbtidi f 
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nnmben being infinitely greater than those 
expressive of the earth’s and Keptnne’s actual periods 
of revolution, it is plainly impossible to admit that these 
planets have beefi formed out of the solar niass jtself 
extended beyond the planetary orbits. T^is, however, 
does not preclude the idea that the stars themselves 
have been formed at the expense of a universal cosmic 
matter endowed with excessively feeble movements 'of 
rotation roimd the center of gravity of each maas which 
was in process of formation as an independent sun. 

“ The-tcondusion is that, if the entire mass of die 
sun had beense^nded to the limits of the planetary 
system, it must have had . a movement of rotation far 
too feeble to enable the centrifugal force to balance the 
force of ^vity so as to lead td the separation of an 
equatorial ring from the total mass.” 

The discrepancies here brought to light between the 
actual orbital periods of the planets and the correspcmd- ' 
ing periods found by calculation in accordance with the 
postulates of the nebular hypothesis, are so enormous 
that there appears to be no possibility of aecotmting for 
them by the assumption of a progressive contrac^on of 
the orbits of the several planets since their projection, 
and the consequent quickening of their orbital motions. 

The calculations of If. Babinet do not constitute 
the pnly difficulty which besete the nebular hypothesis, 
either in its general cosmogenetie of in its spedal La- 
plaoean form. In the progress of astronomical dis- 
covery it haa appearq^ that several of the supposed 
cdm^dmices between the facts and &e hypothef^ fail. 
Thn^, there appears to be jm exception to the ditee- 
.tlond nniformity of the. axial and orbital motions .of 
theii| aatellites in Aei case ;of jUmno^ 
ire 



284 


CaNCEnS OF modesn physics. 


dicular to the ecliptic, the drcamplanetaiy motions of 
the satellite as veil as the axial motion of tUe planet, 
mcMreover,bei^g retrograde— a fact lon^ since discovered 
bj l^r William Herschel, and confirmed by varions sub- 
sequent observations. Another difficulty has been sug- 
gested by the recent discovery (1877\ by Professor 
Asaph Hall, of tv« satellites of the planet Mars, and 
the proximate determination of their respective distances 
from the pimary, as veil as their orbital ((drcumplane- 
(ta^) periods. It vas found that the distances of the 
inner and outer satellites from the center of •the planet 
are about three and nx times, respectively, the radios 
of the planet, and that the pmdods of revolution of these 
satellites are 7*65 and 30*25 hours, respectively, vhile 
the period of rotati<m of the planet (Mars) itself is 
24*623 liours. It appears, then, that one of the satel- 
lites revolves about the planet in less than (Hi&4hird of 
the time required for the planet's axial rotation. 

At first sight this fact vould seem to be vholly in- 
compatible vith the nebular hypo^esis. In the light of 
this hypothesis, the orbital motions of a satellite are ctm- 
tinuafions of the axial motions of the materials ont of 
vhich the satellites are form^ ; its orbital period ought, 
therefore, to be equal, proximately at lejut, to the period 
.in vhich the planet rotated at the time of the sateffite’s 
fiumation. And that period is of necessity greater tha« 
the period of the^lanet’s present rotation, by reason of 
the acoelemticm produced by its subsequent contraction. 

. Tiro atienqyts have been made, thus fer, to reoon- 
tile the anomaly just referred to vitir the postulates of 
tire nebular hypothesis. One of these is based mr/the 
sui^^tiata, that the orhi<^ of the i^tttilitee have been 
contraqted of the 

suppos^ .id^ji|ned';'^e 
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period of Encke’s c<^6t. But this lesistance is wholly 
insufficient to account for the anomaly, even if the very 
doubtful existence of an interstellar and Jinterplanetary 
medium capable of offering material resistance to plane- 
tary motion be granted. The other attempt seeks to 
refer the affomaly to a retardation of the planet’s period 
of rotation, and a corresponding quickening of the re- 
volving tnotLon of the satellites by tidal action. While 
it is admitted that the retardation of the rotatory period 
of the planet by the action of the tides raised upon i4 
by a satdllite could at most produce a coincidence of 
that period widi the orbital period of the satellite, it is 
claimed by G. H. Darwin ithat the period of planetary 
rotation may be lengthened beyond that of satellitic 
revolution by the friction of thd tides due to solar ac- 
tion. The effect here alluded to is the result of a con- 
version of the energy of planetary rotation into heat, 
and of a transference of the angular momentum of ro- 
tation to that of orbital revolution of the bodies by 
whose mutual attraction the tides are raised about their 
common center of inertia ; and, inasmuch as a larger 
planet has both more energy of rotation and more 
angular momentum than a small one, the most rapid 
changes in the« periods of rotation and revolution will 
be produced in the case of the smallest planet. Mars 
being the smallest planet attended by satellites, it is 
said that the slowness of his rotation as compared with 
the revolution of his inner satellite may have been pro- 
duced by the agency above indicated within the period 
aasilghed to the histoiy of our planetary system by the 
advocates of the nebu^ hypothesis. 

Whatever may be w^ght of the several oljeetions 
urged agal^t f^ttures^ mbre qr less essential, of 

St^'ihc^bn^ byi^otib^ is one objection whin^ is 

iSi • 
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foadamental: the inadmissibility, already points oit, of 
all speculations respecting the origin of the uiiirerse as 
an unlimited ^hole. But, apart from this, it is plain 
that the (derivation of the forms and naovements of the 
stellar and planetary systems from a primordial homo- 
geneous mass uniformly diflnsed throughdht space is 
impossible. In the first place, such a mam must be 
either at rest or in uniform motion; and this'^te of 
rest or uniform motion, according to the most element- 
ary principles, could be changed only by extraneous 
impulses or attractions. And, there b^ng ilo “with- 
out ” to the all-embracing Cosmos pr Chaod, the original 
state of rest or uniform motion would neoessuily be 
perpetual.* In the second place, such a nebulous 
universe yvould be of ^rfectly uniform temperature ; 
all parts would be equally hot (or cold), and there oouM 
be no radiation or loss of heat resulting in a contraction 
of any part of the nebulous mass. Its thermo-dynami- 
cal condition would be constant for the same reason 
which establishes Ihe permanenee*of its general dy- 
namica] condition. 

The cumulation of difiSonlties presented by the 
nebular hypothesis has become so great, and is b^jin- 
ning to be so extensively realized, as tb'develop a ten- 
dency to modify or supplant it by another hypotbetis 

' 1 At- •_ « 


This hypohiesiB commends itself to the modem 
by reason of its apparent exemplification of 
^Onoral doctrine for the purpose of bbc^ 


8 “U swiihere laid 
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a particular physical system or form, vre must in tlie 
first instance look*to the agencies concerned in its 
maintenance or destruction — a doctrine which might 
be condensed intb a canon : quod 8ristmefvel*delet,for~ 
mamt. This doctrine is in effect nothing^ore tSan a 
new statement of the old law of parsimony which for- 
bids the unnecessary mnlti]^cation,of explanatory ele- 
ments and agencies. It has been extensively and suo- 
cessfuUy applied in geology, which now endeavors to 
account for all the past phases in the history of the 
earth by fiie regular and ordinary action of the fq/roes 
known to ba St work in maintaining or modifying its 
present condition. The theory of meteoric agglomera- 
tion was first suggested by Julius Robert Mayer,* and 
was founded on the reflection that the great annual fall 
of meteoric masses upon the earth indicates tBe circnla- 
tion or movement within our planetaiy space of a vast 
number of small bodies which must strike large bodies, 
like the sun, in numbers enormously exceeding those 
reaching the earth, Jbhe number being greater in pro- 
portion both to the masses and the surfaces of the 
larger bodies. These meteors, according to ^ayer, 
are in a sense the fuel of the sun, and all bodies within 
the planetary fystem are subject to accretions, both 
of mass and temperature, in consequence of their oel- 
lisions Tvith thmn. ISTow, it is supposed that in astro- 
nomioally primeval times the proportion of these me- 
teoric masses: to the masses of the large solar and plan- 
etary.bo^es mmy havp been far greater than it is now 
,.>-^that, in fact, th^ may have been a time when tiie 
space now occe|^ by our« planet^ sy^m presented 
^ appouence bf > swarm of iraoh meteors of aH sizes 
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and of all degrees and forms of consistem^ and pggre* 
gaftion, moving about at all rates oi velocity, in dl di> 
Tections, and in orbits of every degree of eceentiicity. 
These nufcseff would be consolidated,* and movements, 
both of rotation and revolution, would be generated in 
the bodies so formed by their oollisionB. • 

At this point the question obtrudes itself : £ow can 
a theory, which seeks to derive the orderly, symmetrical, 
and harmonious world as we know it from the wildest 
^ngestion of aborigmal differences and anomalies — 
from a spring-head of utter incongruity and*confusion 
— ^be ma^ to account for the regularitiss and coinci- 
dences whose simple and natural explanation was the 
conspicuous merit of the hypothesis of Laplace t 

An answer to thi»question is sought, by the advo* 
cates of fhe new theory, in an appeal to a principle long 
since established by Laplace bimsell This principle 
relates to the fact that, amid all the disturbances cani^ 
by the mutual attractimiB of the planetary bodies, there 
exists an invariable plane passing ljuough the center of 
gravity of the whole system, about which these bodies 
perpet&aQy oscillate with but slight deviati<ms on eiffier 
side. ‘ If on this invariable phme we project the areas 
described by the radii vectorea of the several dtementt 
•of mass in a given time, and mnltipty each mhas into its 
Mapective area thus promoted, the sum of the products 
isumaximuin, and*the of its inerease is coortuiit* 
finqhd plane exists, not only for the solar syBtrai,lHit 
. jUty'ltyStean of bodies eontaoQfd solely by their urntr 
. Now, it is evident that bodt the sum 

' its incHtase, pf theproduet»<ff 

; : * 6t. putie, Ifo. fli dhif . vh* :(if I>m 

.•-Ij'.' l i i i isH iSt ^ Tha ' 

' 
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into {he prcijeetioM of the areas described by their radii 
vecic^,ex9 always dess than the som and the rate of its 
increase of the products of the masses into the radii 
veetorea themselves, inasmuch as these radf* (^less they 
are parallel to the plane) are shortened by their projec- 
tion ; and Ijhs difference between these tw^ sums is in 
direct proportion to the deviations of the movements 
from tl\p direction of the total incrStse, which direction, 
for purposes of reference, is taken as positive, the oppo- 
site direction being, of course, taken as negative. And 
wheneve{ the several movements meet with resistance, 
some of the^cemponeitts of the velocities of the moving 
masses are necessarily destroyed, so that the difference 
in question is diminisHed and eventually annulled. 
When this has happened, the al»olute values of the areas 
described by the radii veetorea of the masses Jin a given 
time become equal to their maximum projections ; in 
other words, their planes coincide with or become par- 
allel to Laplace’s invariable plane. From this follows 
the general principle that the movements of the bodies 
constituting any Mite system, whatever be their origi- 
nal divergence of direction, tend (except in a yery few 
q>ecial cases), by reason of any resistance to these move- 
ments, to become parallel to or coincident with an inva- 
riable plane.** 

Before leaving this subject I may observe that the 
principle jpst stated, which admits of a farther generali- 
zation, so as to assimie this form — mat all movements of 
tlm elements of a fbiite material system depending upon 

. '*Tlwp(MiUe Mcoeptiou to tUi bnr ora, et oonm, thow ooaoo. in 
^ |Boai|)on«iijti on cxMier wpial and cq^milto, Tte 

ot CwvomhMHa of twA euw Is M greot Cwt Bodd^ vho 
'MM Os Jsv.sdMaudaBy iwI hare «M*ditifttbetui;t(La,P*m), 
l4Maoa(^a]lndsti>tiios«HiblU^of a^on^tkik ' 
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the nrataal action of such elements tend, in conseqnenoe 
of aujpennanent interference with br determination of 
these movements from without, from iire^Iarity and 
disorder to^ regularity and order— is, i& my judgment, 
one .of the most important in the whole range of theo* 
retical physics. For the condition here assigned— that 
the internal movemrats of the system be subjbct to 
constant interference from without — ^is in fact«insepar 
rable from every material system, there being nb such 
system which is at any time under the exclusive con- 
ti^l of its own internal forces. There is, consequently, 
in every finite part of the world an ingeneta^e bias from 
irregul^ly to regularity, a natural bent from disorder 
to ordm*, an inherent tenden<^ from Chaos to Cosmos ; 
and this tendency is thetsimple and direct consequence 
of the relativity of all material forms— of the fact that 
each finite whole is always a part of a still greater 
whole — ^in short, that the finite exists only on an ev^ 
receding bacI^;round of infinitude. It is possible even 
that this principle is more than coextensive with the 
sphere of physics, and that, to a certain extmit, it may 
have its •applications within the domains of those sea* 
enoes wUch are ordinarily designated as histmicaL 
Although attempts at a transference of l^ws governing 
the interdependence of phenomena whose lines of con- 
nection are simple and easily traced (such as the move- 
. ments of inorganic masses) to a class of ]dienomens 
whom Tslatioiffi are compUcated and imperf^y under- 
; ,s^)4:;(ra^ as the. phenomena of organic and vital ae- 
. , tion)'iQ» perfiona in the extreme, and never to be made . 
; : ivit^t a tp^pl referenee to the nature and gifepud of 
,;iithe ai^le^^vvhicb tlm^ induce^ it iaue'inp!l^; 

siev^' departing' .pf-:flei«giipf-;^"' 
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due to liberal exchanges, not only of results, but also 
of principles and ifiethods.* 

The theory of meteoric aggregation undertakes to 
grapple with stfll further elements of tbb general prob- 
lem of explaining the actual features of our plahetaiy 
system, as^for instance, the comparative inferiorhy of 
the si^ of the pl^ts nearest the^sun. The reasoning 
is somcilung like this : Somewhere within the space 
comprMng the various movements of the bodies, whose 
materials are in process of agglomeration, a mass will 
probably»be formed which is preeminent above a^ tAe 
others. Thjs^the nucleus of the future sun of the 
system — ^must gradually ^w to its neighborhood the 
perihelia of all the moving meteoric masses or groups. 
Li this region, therefore, the* movements of all ^e 
bodies must have the greatest velocity; hefe the me- 
teors must fly past each other with the greatest swift- 
ness, and their approach and agglomeration must be 
most difficult — a circumstance which also prevents the 
rapid growth of b<^lies in this region after their incho- 
ate formation. Near the confines of the systmn, on the 
contrary, where the movements of the meteors ftie sl^ng- 
gish, the conditions for the congestion of large masses 
are oomparati.'vsely favorable. Similarly, a rou^ account 
is given of the fact that the densities of the planets are 

* Tnitannwi at the •^lioation at driuiiidq|l ud, genenUy, at pbyti- 
cal .kin, not anfy to ritii^ bat alio to p^joholagi^ action an attbrded 
bf the noent ^daeoMdOn, by Aienatfaia, of the erolution at thoof^t in 
oa^Omdty to the pvlookle ^ hast notion <Die Fhiloaoidik als Benken der 
Wtit genaeMi den Kineip dea KMnatwi Knftmaoaaea, Idpiicb 
andthit paikiiadiBoqari<H^l»ySditelche>,ot the. oidothn of kngn^. 
^Jn ^ Ug^ of ^ dootrii^ at aaUital aekotiMi— which, it mar be said 
-ptlnoibethiitiktk not wjtheot analogr to the. |Mdnoiple diaouated k the 
' t«t>^(9fo IkriHifHhd^^'tlluoak and die ;^pwohwiaaHiacbaft, Wafmiv 

sm ' " 
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generally in the inverse ratio to th^ sizes. A larger 
body attracts a meteor with greatd^ intensity .thaa a 
emeller one ; its growth is, therefore, marked by more 
violent oolUsiofis productive of a higlxsr temperature 
and a corresponding expansion. 

It is not my purpose to discuss the merits of this 
theory in deta^ or. to express an opinion as *to its 
BOimdnees and sufficiency but it is proper to qay that 
it appears to me to stand in favorable contrast to the 
nebular hypothesis predsely by reason of the absence 
01 soine of the characteristics to which thck' general 
plausibility of this latter hypothesis is dudi . The nebu- 
lar hypothesis found ready an^ almost enthusiastic ac- 
ceptance, not so much on physical as on metaphysioal 
grounds. The pironeness to derive the Multiple from 
the absolutely Simple, the Various frpm the absolutely 
Uniform, has its root in the second of the great structu- 
ral faUacies which I have discussed in the ninth chap- 
ter — ^in the assumption that the abstract result of a gen- 
eralization, i. e., a general concept, m^y be made available 
as a starting-point for the evolution of the partacnlar 
things shbsumed under it. The enthusiasm for the 
nebular hypothesis was, in this respect, an ontological 
survival. And in another respect it even more 
than that— it was a recrement of ancient traditions 
about the origin of the universe from Kothiug. The 
origfoal mist of the«nebnlar hypothesis is assumed to 
W^>|Ktreine tenuity^ a density less than the one 
i^bjonsandth part of hydrogen, the lightest g^ 
out body IdMwn to the chemist. By reason oi this 
ssthete^'^jrah^l^ it was readily snbstitnted, in the cmi- 
oep^oeiii oi t^, popular iain 4 for the old void from 
whi^ tbe was said' to have mnezged, Khd» In the 
^eghpalibimiii ^iose who look u^ naati^ a nit 
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of 4u6piB6ation of Mind for the nniversal antemundane 
impenSbnal Spirit. It thus conformed to the assump- 
tion that, on any hypothesis respecting the mode of the 
world^s formation, it must ‘‘in the begiining;^” have 
been “ without form and void,” and at 4Jxe same time 
satisfied ^he mystic yearnings after the Ethereal and 
“ Spiritualistic,” which is the special distinction of that 
large ^^lass of philosophers whose philosophy .begins 
where clear thinking ends. 



CHAPTER XVI. 

OOSdLCBlOiS. 

QonsidemtionB presented in the precedii^g pages 
lead to the conclusion the atomo-mechuucal theory 
is not, and can not be, the true basis of modem physics. 
On proper examination, this theory appears to be not 
only, as is generally eonqpded, incompetent to account 
for the pheiiomena of organic life, but it proves to be 
equally incompetent to serve as an explanation of the 
most ordinary cases of inorganic physical action. And 
the claim that, in contradistinction to metaphysical the* 
ories, it resorts to no assumptions, and operates with no 
elements save the data of sensible exp^ence, is found to 
be wholly inadmissible. In announcing this cftnAl nui/m 
it is necessary, however, to guard against two fnndamen- 
tal misoonceptions. In the first place, the.denial of tire 
tireoiy of the atomic constitution of mattmr, as it is g e nWv 
iaUy held ly physidsts and chemist^ involves no assertimr 
; the real constitution of bodies— of diemioal 

elern^nihi or oompotu^s— and certainly does nK>t imply 
theds of tire drsolute oootinnily of 
is the eotuel constitution of partiinrlar 
|M>^es'||l:a,!que!^ be detennined ineach CfK by 
, / ^ Thme .is, no doubl e , 

f m<dKni&; 
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oofl^poBing them Are primonlial, unchangeable xmita, 
existii^ ind^nd'ently and in advance of all physical 
action, and therefore absolutely exempt from change. 
On empirical ^unds the inference, frdin the molecnlar 
stmctnre of a body, of the permanent ctyistenoe of ab- 
solutely kmnatable and indestructible atoms or mole- 
cules* is as irrational as**'Would be the assertion that 
primoadially, and in advance of the formation of or~ 
ganic' bodies, there existed an indefinite number of 
elementary cells, because all organic bodies are of cellu- 
lar structure. 

In the«e£cond place, dissent from the proposition 
that all physical action, is medianical in t^ sense of 
being a transference of motion between distinct masses 
by collision or impact is not to be construed as a doubt 
respecting the constanqr of physical lavre or the univeiv 
sality of their application. What is denied is, -not the 
general dominance of the law of physical causation, but 
the doctrine that the only form of such causation is the 
transference of motion by the impact of masses which, 
in themselveB, are absolutely inert. If physical action 
in conformily with constant and uniform law is des^ 
ignated as mechanical, then all physical action is un- 
doubtedly mechanicaL 

It may be said that physical action is utterly indeter- 
minable except on the supposition of the atomic or mo- 
lecular constitution of matter. l%ia is time only in the 
sense that we are unable to deal with forms of physical 
action otherwise than by considering them as modes of 
interartion between distinct phyncal trnns. Physical 
a^on can not be subjected to ^^nantiiative determinatitm 
wMmnt.a log^ insulation of the conceptual elements 
of ittattiEff, an^ without ultimate reference to concep^t 
of dian ima e&eirgy. All dii|cnrtive teajsodlEig: 
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depends upon the formation of concepts, upon the intel* 
leetoal s^;regation and gronping of aftributes — oliher 
words, upon the consideration of phenomena nnder par- 
ticular aspects. this sense the steps to scientific as 
weQ as^other ^owkdge consist in a aeries of logical fic- 
tions which are as legitimate as they are indispensable in 
the operations of thqpght, bfit whose relations tb the 
phenomena whereof they are the partial and notrimfre- 
quently merely symboliofd representations must hever 
be^lost sight oi When the old Greek sought to deter- 
mine jhe properties of the circle, he began iiy con- 
structing a polygon whose sides he sulxtiYided until 
they were supposed to become infinitely small ; and in 
his view eveiy line of definite eitient and form— i. e., 
eveiy line which ^uld become the subject of mathe- 
matical invistigation — was composed of an infinite num- 
ber of infinitely small straight lines. But, he speedily 
found that, wUle this fiction enabled him to deduce 
a rule for calculating the area of the circle and otiier- 
wise to determine a number of its jnoperties, never- 
theless (he drde and its rectilinear diameter were fun- 


daAientally inoolnmensnrable, and the quadrature of 
the drde was impossible. The modem analyst simi- 
larlydetermines the locus of a curve by the relation of 
smali increments of cobrdinates arbitrarily establidied ; 
Wt he is wdl aware that the curve itself has nothing 
to do with this arbitrary representation, and he very 


emphatically asserts the continuity of the curve by dif- 
fi^ntiatiic^ or passing to the tim|t of, his imsrements 
the sasae time transformii^ his ooStdimtes by 
/w%in or their,in(^ation, at eiton 
Syirtimh &om to poiaiu, whenever he ^ds it 

wputHit dreaaning that thereby he h in ^ 
^ edl^e whose 'piiopsH^ , 
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are^nndOT diseosnoD. The aetionomer, in calcolating 
the attieotion of a*homogeneoiia sphere upon a material 
point, begins by assuming the atomic or molecular con- 
stitution of the^ttracting sphere, establMiiDg a series of 
finite difEerences as one of the terms of ^his equation ; 
but thereupon he takes the series to be iimnite and tibe 
diffei^nees to be infinitel/kmall, aqd very efEectmilly dis- 
mantles the molecular scaffolding by integrating instead 
of effecting a summation of a series of finite differences. 
Observe : the astronomer begins 'With two fictions — the 
fiction of a “material point” (which is, in truth, ^ a 
contradictioif in terms), so as to insulate the attractive 
force and treat it as proceeding from the sphere alone, 
and the fiction of the finite differences representing the 
molecular c<mstitution of the •sphere; but the validity 
of his result depends upon the eventual rescission of 
these fictions and the rehabilitation of the fact. In 
like manner the chemist represents the proportipns of 
weight, in which substances combine, as atoms of defi- 
nite weight, and |he resulting compounds as definite 
groups of such atoms; and this mythical coinage has 
been serviceable in many -ways. But, apart from the 
mroumstance that the qrmbols have become wholly in- 
adequate to the proper representation of the facts, it is 
important to bear in mind al'ways that the symbol is 
not ffie &ct. l^e'wton derive many of 'the leading 
bptical laws from his corpuscnbtf theory of light and 
fimn the hypothesis of “ fils of easy trwsmission and 
reflection.” His theory for a time served a good pur- 
pose ; but it proved, after all, to be but & convenimit 
mode of symboBsiag phenommia with which he 
was .famfliar, and had to be diaoaxded when the phe- 
nmnenon of interfeiehee was observed. In UBfil 8ady 
.Osmot j^edheed thd btv cff thenrde aetion which lew 
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b^MjB his name from an hypotihSsiii raq^eoting the^nat- 
nm of heat (supposed by him, as by nearly all the ph]^ 
idsts of his time, to be impcmderable matter), which 
is now known, ^or uniTersally believed, to be moheous. 
!^or ^rtain purposes, such as the mathematical deter- 
mination of gaseous pressure and expansioia, thermic 
phenomena find a convenient representation in the hy- 
pothesis that a gaseous body is a group of atoms or 
molecules in a state of incessant motion. Some of the 
^perties of gases have been successfully deduced, by 
dlausjius and others, from formulas fotmded Upon this 
hypothesis, and Maxwell has even succeected in predict- 
ing the phenomenon of the gradual cessation of the 
oscillatoiy movement of a disk,' suspended between two 
othmr di^s, in consequence of the friction of a gaseous 
medium, whatever be the degree of its tenuity, and 
this prediction has since been experimentally verified ; 
but neither Oausius’s formulae nor Maxwell’s experi- 
ments are conclusive as to the real nature of a gais. 
That no valid inference respecting the real constitution 
of bodies and the true nature of physical action can be 
drawn from the forms in which it is found necessary or 
convenient to represent or to conceive tiiem, is illuB- 
trated by tiie fact that we habitually resort, not only in 
tK^itiaiy thought and speech, but also for pnrpotos of 
scientific discussion, to modes of representing natural 
phenomena which fro founded upon vievs and hy- 
.potb^ ilong tince discarded as untenable. ' Just as We 
•think: ii^. tjpeak familiarly of thee motions of sun 
■ai^ t^ of the old geocoutric doctiioe,;al- 

pi opr day dwbts the truth , of. -the heri 
, nlsd t^ modem artronomer vnuild.' 

to ^oceit^' 
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Even tlie old epicydee snrvive in some of the analyti- 
cal formnlffi, by means, of which that computation is 
effected. 

The progre^ of modem theoretical physics consists 
in the gradual rednction of the various for^ of'physi- 
cal action to tlie principle of the conservafion of energy. 
For purposes of didactic esposition of this principle wo 
resort to the fiction of systems of molecnles or pattides, 
whose motions are simple functions of the distauoOs be- 
tween them. But, as we have seen, the conflict of tliis 
Action with the facts of experience emerges at ondb, 
when we'nndsrtake to establish an absolute disjunction 
between the° molecules and their motions. The conser- 
vation of energy would be impossible, if the ultimate 
constituents of a material sys|em were in themselves 
absolutely inert. And the same thing is strikingly ex- 
hibited in the recent attempts to extend the principle of 
the conservation of energy to the phenomena of chemi- 
cal action. These attempts have been prompted by the 
observation that all diemical action depends upon, or, 
at least, is attended with, the absorption or liberation 
of heat, and that the amount of heat absorbed-or liber- 
ated is the measure of sudi action. The determination 
of chemical phenomena by naeans of their thermic ind- 
dents, which has until recently been known as thermo- 
chemistry, end has been treated as a comparatively in- 
significant part of chemical scienqp, is now coming to 
be r^axded as the true bads of theoretical chemistry. 
The pdndples of this new sdence have already been 
sysieniatized, to sonfe extent, in sevdel distinct tre^ 
tises, tpong which may be mentioned Mohrs “Md 
ehanical ^eoty of Chemical AflSnity,”* Naumann^s’ 

X«9ir, Meeharttodje nieorte det dtemisdiea 
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“ Thermo-ChemistTy,” * and Bertholot’s “ Chemical 
Meclianics founded on Thermo-Chcinistry.” f , ' 

Tlio importance of the part which heat performs in 
ehemioal tranaiformations was first di{>tinctly realized 
upon the aniionucement, by Dnlong and Petit in 1810, 
of the empiiical law, that the bpccific heats^of the ele- 
ments are inversely proportional to their atomic weights, 
or, as it is commonly expressed in the langoa^ of the 
atomic theoiy, that the atoms of all elementary bodies 
have the same specific heat. Although there 01 x 3 ap- 
pftreut exceptions to tliis law (as in the cases of carbon, 
boron, and silicon), it holds good in so mmiy cases tliat 
there is hope of an explanation of these exceptions on 
grounds (m which they will utimately prove to be con- 
firmations of the law ; ^deed, some progress in this di- 
rection has already beou made. And N^eumann, llc>- 
gnanlt, and E.opp have shown tliat the law applies not 
imly to elements, but also to compounds, it appearing 
that the specific heat of a compound is the sum of the 
s^iocific heats of its component dements. 

Dulong and Petit’s kw, if it wefe universally valid, 
would lead to a remarkable law of chemical combina- 
tion. For, it is obviously identical with the proposition, 
that ehcmieal elements combine only in so far as they 
experience the same devation of temperature in the act 
of combiiution. It k not improbable that, if the true 
relation of the tempprature of a body to its total phpi- 
ced and chemical energy were thorofughly understood, 
this law would become oue of the oaidinal pi^dplos 
of tbooretical diomisti^. * 

*l>r. JUfsaader N«u|bbiiii, GmSdrin der lliormoaheads, Brava- 
less, , 

f HL Bsrtli(do|t,B(ttldeUdeooii}U» Cbindaqe toadde nVia Thoms- 
Atmh. farliL issti 
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The next noteworth^r result of therm<Hihemical re- 
search T^as the disooToiy that the nature of the chemi- 
.. cal reactions between different substances depends upon 
the relations between the specific enei|gie& of the re- 
agents as detenuined by the quantities ^ heat esrolved 
or involveijl in the progress of these readtions. It was 
found* that . there are certain elements — oxygen and 
hydregi|n, for 'Example — ^which combine readily, and, 
under *prqper 'conditions, spontaneously, the combina- 
tion (as Betth'el<>t expresses it) taking place directly, 
without jthe- ai4* of extrinsic energy, and being fit- 
tended .with 4he evolution of light, or heat, or* both. 
Such combinations ere termed by M. Berthdot, em- 
Thej^ result in the formation of compound^ 
whidh can not -be resolved i^ain into their original 
elements without a. restoration of the amdUnt of eiv 
ergy lost in the combination. On the other hand,, 
there are cases of mdothermio combination in whicli 
conversely the composition of the elements is attended 
with an absorption^ and the decomposition of the result- 
ing compound with' a liberation, of heat. The com- 
bination (^.Wbon and sulphur, for instance,*^ endo- 
thennie. Oarbooic disulphide ^ {ormed by passing 
japorinis sulphur over red-h^ do^rcc^; the union of 
and snlfdinr is'possiblB' bu]^ da Condition of the 
cdlfidnuouS iupp^^^ during the ^ union, of 

heat, Vrhieh » given out a^inwl^n the disulphide is 
lesbleed into its dements. The facts here rderred to 
ara ett||£^ii)ed, by the modeih chemist, on the ' theory 
tittt ebemicd afSnhy is tranefermed heat, both heat and 
affinity being, foxps of that in the eases of ex- 

cthennip combination the sum of the spedfio endrgies 
'df.^a4KM3apoi]ii^ dceeeds the specific enet^; 

''qiE' ihe, ien'd^hei^d. '.c^: 
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binations the specific energy of the compound is greater 
than the aggregated specific energies of the. compo- 
nents. And it has been shown that, whenever we trace 
a number of elements or compounds through a series of 
chemidal reactions, the total amount of energy (appear- 
ing, before absorption or after liberation, in the form of 
heat), which is liberated or absorbed, is exactly e<}ual to 
the difierence between the specific energies of the initial 
and those of the terminal compounds or elemeu'ts. It 
is to be observed that this rule applies, not only to cases 
of^ composition and decomposition, sd called, t,but like- 
wise to cases of allotropy and polymerism!^ inasmuch as 
allotropic forms of elements ai^d isomeric forms of com- 
pounds are found to be convertible into each other by 
the addition or withdravpil of definite amounts of heat. 

A third* result of the study of tlie thermic condition 
of elements and compounds is the establishment of the 
remarkable principle that the passage of any body or 
system of bodies from a condition of a lesser to one of 
greater stability is always attended ^with evolution of 
heat, “whether” (in the language of Odling) “such 
change be what is commonly called combination, or 
what is called decomposition ” ; and that all chemical 
action which takes place without the intervention of 
extrinme energy ten^ to the production of a body or 
bodies whose formation liberates the largest amount of 
heat.* 

A sort of antkdpation of MiIb ptindple to found In one of fhe wdl- 
' known'lsm announced tai die early part of tiijp century by H.,^AdMlUet, 
4nlito>‘‘BtaMqnn (|himique’’^--4n1sheiatr that, wbenerertwo aanblesalta 
nie ndxed toi eduMcn, they deeompDae eacb other, If the reeulting oora- 
'povudj or adstnie of fonqionads, to ina^ulde or toes adulde than die lalto ' 
. ;IE(dind. .Ste Vaerhig of tUa la«r upon the ptindple, atated in the teat,.of 
noadnnnn ordWthto’ot heat, triil be underatood upon referenee to the 
;fiMthaviitnetb:^/i^^ edhtbRlty at wAataacM to tadtetHel ^ 
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XIiIb brief outline sufficiently indicates the facts and 
generalization^ upon which it is proposed to found the 
new theory of “ Chemical Mechanics.” Little use has, 
thus far, been \nade of the law of Dufon^ and Petit ; 
but the other results of experimental induction in the 
field of thermo-chemistry are summarized by M. Ber- 
thelot in the introduction to his wprk,* as follows : 

" l.»Primijple of Moleofuia^ Work. — The quantity 
of heat disengaged in any reaction whatever is a meas- 
ure of the amount of chemical and physical work pipr- 
formed iti such reaction. , * 

“ 2. Prindfle qf the OaHorifii} Eguivdimce <f Ohemr 
iecA Tremrformaiiona. — ^If a system of simple or com- 
pound bodies, taken under determinate conditions, un- 
dergoes physical or chemical changes capable of bring- 
ing it to a new state, without producing any medianical 
effect outside of the system, the amount of heat liber- 
ated or absorbed by the effect of these changes depends 
solely on the initial and final states of the system ; it is 
the same, whatever be the nature and sequence of the 
intermediate states. 

“ 8. Prmciple of Masdirmm Work. — All 'chemical 
change effected without the intervention of extraneous 
energy tends -to the production of that body or sys- 
tem of bodies which liberates the largest amount of 
heat.” 

This third principle, as Berthelbt observes, may also 
be stated in the form that *‘all chemical reaction sus- 
ceptilA^of being effected without the concurrence of 
prelimimury work and without the intervention of ex- 

the q>p3cati<ML of Inat. BertholTet’a law, howerer, h suljeet to exo^ 
dona; thm ore cues in wliidi soluble basu aie leplaeed by insolnble 
baa^ the lesolt, neeerdMl^ being the foRnadon of idlable salts. 

* "li|Scani({U drimkiue,’* pp..xXTfii, ssiz. 
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triiisic energy will neceisarily take ^place wlienever it 
leads to the evolution of heat.” . * 

The relation of these propositions to the doctrine 
of the, conservation of energy is apparent. They are 
obviously applications, to the phenomena of chemical 
transformation, of the two,,leading princijdes ,which 
that doctrine embraces, the first and second propositions 
of Berthelot representing the principle of the ‘teorrela- 
tion, equivalence, and mhtnal convertibility of the sev- 
e^ forms of energy, and the third that of the tendency 
of all«energy to dissipation. ^ • 

The study of chemical changes in the light of the 
doctrine of the conservation of energy exhibits these 
changes under an entirely new aspect. It shows that 
the questiop as to the {ft>ssibility of a chemical “ com- 
IKwition,” or “decomposition,” is as much a question 
of the definite proportionality of eneigies as of the 
definite proportionality of masses; that each element 
as well as each compound embodies a distinct and 
invariable amount of energy as well as a distinct and 
invariablp quantity of “matter” (i. e., mass), and that 
this energy is as consMtnIive, and as essential a part, 
of the existence of sndi clement or compound as its 
weight. 

And here the question arises : How is all this to 
be interpreted, by the aid of the ordinary laws of mo- 
tion and of mechaiiical prindples generally, in, con-: 
fonnity with the assumption tiiat all the phenomena of 
cheiaidal trKhefmmation are; reducible to m^jobs of 
absolttfd^ inert atoms or elements of mass j Por that 
1$ the assfumj^on which lien at the base of the nersr 
of '.'chmical mechanics. Hanmann decla]^ in 
^h. io one of the^first and in tbe.tety': 
ll^'of :the his botfic that' ehd3dsb^.ii'-;i|S'' 
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ultimate form must be atomic mechanics.” * And Ber- 
thelot, •though he*avoids the use of the word aiornsy no 
less explicitly asserts that two data suffice to explain the 
multiformity ctf chemical substances : tSie Inasses of the 
elementary particles and the mature of tljeir motion.f 
The explanation of chemical phenomena by tlie 
theoi^ of chemical meclSanics it^to be efieetcd, then^ 
by i*e(^ieing them to terms of mass and motion. On 
what *mechanical principles is this reduction possible i 
The fundamental fact to be accounted for is the <jpn- 
vemion^f heat* into chemical energy. But tl^is con- 
version inajHieSj not only a change of one kind of 
motion into another, byt also a conjKnement of a defi- 
nite amount of this motion to or within a definite mass. 
According to the mechanical theory, heat, in the form at 
least in which it is generally supplied to gaseous bodies 
in process of chemical transformation, consists in recti- 
linear atomic or molecular motions of all conceivable 
velocities and directions. The extent of these motions 
is limited solely, by the encounters of the moving 
masses. By these encounters the range, the velocity, 
and the direction of the excursion of every atom or 
molecule are incessantly changed. And, whatever may 
be the nature of that form of motion which we call 
chemical energy, we know at least that a definite and 
invariable amount of it belongs to a definite mass or 

• 

* ** Die Chmie in der fuer eU entrebendm GestaUmg muse eein 
eine Meehmdh der Tliormochemle, p. 160. 

t *rh| mcHttdra doni la chimie Hudle la divereiiS obSit attx 

hk mSeanique emmme, , . , An poini de me mScaniguef devx 
demniet fcndcmeiUalee careKtSrieeni eeUe dwerAU m apparence indefim 
die enbetimm ekUniqueSf eaifoir : % tnaeee dee parUcuke SlknefUaireSy 
ddire ftwr et la nature de Uure mtmvemenle, Za pannaUeanee 

de, Pee. dem deptihe dd^ imi M6ciuiianfc Ghi- 

n4qi^t6nip!i, pw,W/ . 
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nninber of atoms of any given substance. Whenever 
heat, therefore, is converted into chemicjil enei^y, the 
motion above described must, of necessity, be so modi- 
fied that a definite amount of it is brought into some 
sort of synthesis or union with a definite number of 
particles. But that is certainly impossible i:fr the par- 
ticles are mere inert masses, whose motions' arc deter- 
mined solely by the impact of other masses, «as the 
mechanical theory assumes^ The specialization or in- 
di\ 3 dualization of motion, which is required, can be 
accounted for in no other way than By attributing to 
the masses themselves some inherent coercive power. 
Even if an individualization of heat-movements could 
result mechanically from the collision of inert particles 
— by the conversion of raetilinear into rotatory motion, 
tor instance, as a consequence of oblique impacts — ^there 
would still remain the impossibility of accounting for 
the fact that such conversion invariably ceased at the 
precise moment when each atom or molecule had been 
supplied with its due amount of energy. 

In view of all this it is strange to read in the writ- 
ings of distinguished physicists sentences like these: 
“The only real things in the physical universe are 
matter and energy, and of these matter is simply pas- 
sive,”* and, ^^We see that, whereas (to our present 
knowledge at least) matter is always the same, though 
it may be masked iiP various combinations, energy is 
constantly cbmiging the form in which it presents it- 
self. The one is like the eternal, ^nehangeable^ate 
dr of the ancients; the other is Proteus 

himself in thb variety and rapidity of its transfpnnar 

^There is .little donbt that the principle of the con^ 

, *: The g 104*. , ^ * t * 
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servation of energy will prove to bo the great theoreti- 
cal Bolv§nt of cbeuiical aa well as of physical phenomena ; 
but thus far, at least, t^e endeavor to express the laws 
of chemical action in terms of mass and mojjion or 
kinetic energy has been as abortive in qhemistiy as in 
physi^. fTo what extent^it may be possible, hereafter, 
to bring the phenomena of chemical action within the 
dominito of the mechanical laws controlling the inter- 
action of solids, it is difficult to determine. There are, 
however, several well-known facts which appear to in- 
dicate tlfht, whatever be the nature of chemical energy, 
it can hardly result from the impact of solid particles. 
The chemical energies of the elements are proportional 
neither to their masses as measured by their weights, 
nor to their volumes ; and theh- mechanical^equivalents 
are so enormous as to seem out of all analogy to ordi- 
nary mechanical action. In 1856 W. "Weber and R. 
Kohlrausch published the results of a series of investi- 
gations by which they had sought to arrive at a meehan 
ical measure for the intensity of a galvanic current. 
They applied these results to the electrolytic decom- 
lK>sition of water, so as to determine the eneigy repre- 
sented in the chemical union of hydrogen and oxygen. 
And they announced their conclusion in the following 
words * : “If all the particles of hydrogen in one milli- 
gramme of water contained in a column of the length 
of one millimetre were attached ^o a string, the parti- 
cles of oxygen being attached to another string, each 
Btsdng would have to be under a tension, in a direction 
opposite to that of the other, of 2,956 cwt. (147,880 
kfltigrammeB), in order to* effect a decomposition of the 
water with a velocity of one mflligramme per second.^ 
And, looking to th^ equivalents of chemied energy in 

' • * l^OES’ -iBiijT voL xeiz, p. 84. • 
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terms of Tmits of heat, it has been ^nnd that the oom- 
binstion of a gramme of hydrogen vrith> 85*5 grammes 
of chlorine, so as to form 36*5 grammes of hydrogen 
chloride, is *attended with the liberation of an amount 
of heat by whjch the temperature of 24 kilogrammes of 
water would be raised one degree; inasmuch* therefore, 
as the heat required ^o raise one kilogramme of water 
one degree is mechanically equivalent to 425 k^gram- 
luetres, the formation of 86*5 grammes of hydrogen 
chloride gives rise to a power by which a weight of 
16,00Q kilogrammes can be raised to the height of one 
metre in a second. * 
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TM.lfi^nomloReYoIu^^ Croiim8vo,!i4si^ 

CORY, Guide. to Modern Eiglish History. Part 1. 

Demy 8vo/>. Part 

\ V ; 

COftERr^'M$^Aixin^ to ttie dtudy of Rpetry. 

, , 'Crown 8y0t'^4i:; 6 ( 1 * . '/ 


K^an Paul, Trench & Co's Publications, 

CoJl George JK, M,A,^ Rari.'-^A History of Greece from 

« the Earliest Period to the end of the Persian War. 
Tjcvr Edition. vo)b. Demy 8 vo, ^6s, 

The Mytliology of the Aryan Nations. New Edition. 
Demy 8 yo^l 6 f. 

Tales of Ancient Greece. New Edition. * Small crown 8 vo, 6s, 

A Manual of Mythology in the forzn^of Question and 
Anijwer. New Edition. Fcap. 8 vo, y. 

A\i Int])pductlon to tW Science of Comparative My the- 
ology and Folk*-Lor 8 . Second«Edition. Crown 8 vo. fs, 6d, 

COX, R^\ Sir G, M.A., Sart,. and yONES, Enstm ffini&n,-^ 
Popular Romances of the Middle Ages. Third 
Edition, in i vol. Crown 8 vo, 6s, 

COXt Riv.Samuet, DsZ).— Salvator Mundi ; or, Is Christ the Saviour 
ofSllMJfn? Ei^th Edition. Crdwn 8 vo, 51 . • 

The Gefiesls of Evlf, and other Sermons, mainly expository. 
Third Edition. Crow]| 8 vo, 6 ^. 

A Commentary on the Book of Job. With a Translation. 
Demy 8 vo, 151 , 

The Larger Hope. A Sequehto ** Salvator Mjfndi.** i 6 mo, is, 
QgA VEJ^, Jlfrs,^A Year’s Meditations. Crown 8 vo, dr. 

QRAWFURD, Oj«^.-«-Portugal, Old and New. With lllustia* 
tions and Maps. New and Cheaper Edition. Crown 8 \'o, 6 r. 

CROZJER, John Biattie, Religion of the Future. 

Crown 8 vo, 6s, 

DANIELL, C/a;wxwr.e*-The Gold Treasure of India. An Inquiry 
into its Amount, the Cause of its Accumulation, and the Proper 
Means of using it os Money. Crown 8 vo, 5 ^. ^ 

Darkness and Dawn : the Peaceful Birth of a New Age. Small 
crown 8 vo, sr. d/. 

DAVIDSON, Rw, Samuel, D,D., A/.D.'^anon of the Bible;* 
Its Formation, History, and Fluctuations. Third and Revised 
Edition. Small crown 8 vo, js. 

The Doctrine of Last Things contained in the New Testa- 
ment compared with the NoUons of the Jews and the Statements 
of Church Creeds. Small crown 8 ft), $f, M 

D4f7DS0N, nejtfiar.-^The Parthenon Frieze, and other Essays. 
'Crown 8to, dr. 

DAJVSON, Geo,, M,A, ^Prayers, with a Discourse on Prayer. 
Edited by his Wife. First Series. E^hth Edition. Crown 
8 vo, dr, ^ 

Prayers, with a Discourse on Prayer, Edited hy Gborob 
St. CrjviR. Second Series. Crown 8 vo, 6s, 
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X^AWSONt Ceo.^ MA^’-^ontinued. 

Sermons on Disputed Points an^ Special Occasions* 
Edited by his Wife. Fourth Edition* Crow^SvOito 

Sermons on Daily Idfe and Duty. Edited bis Wife, 
Fourth Edition. Crown 8vo, dr. # 

Hxe^ Authentic Gospeli and other Sermons. Edited by 
George Sf. Clair. Third Edition. Crown 8vO| dr. 

Three Books of God: Nativre, Hlstorv. an<f Sculpture. 
Sermons edited by (rEORGE St. Clair. Crown^vo, 6r. 

DE yONCOURTt Madame Wholesome Cookery. Second 

Edition. Crown Svc^ ^r.'d^, « 

DE LONGy Lieut. Com. G. fF.— The Voyage of the Jeannette. 

« The Ship and Ice Journals of. Edited by his Wife, Emma 
I2;b Long* With portraits, Ma^, /nd many Illestrations on 
wood and stone. 2 vols. I^yl^, 3dr. # ^ 

XESFEEZf Philip 5 *., A. 2 ).-*Daniel and John ; or, The Apocalypse 
of the Olid and that of the Hew Testament. Demy 8vo, lar. 

DEVEREUX, W. Cepe, R.M., Fair Italy, the Riviera, 

and Monte Carlo. Comprising a Tour through North and 
South Raly and Sicily, with a short account of Malta. Crown 
8vo,dr. 

XOJVDEM,., Edward, ZA/?.— Shakspere : a Critical Study of his 
Mind and Art. Seventh Edition. Post Svo, l2s. 

Studies in XJterature, 1789-1877. Third Edition. Loige 
post Svo, dr. 

DUPFIELD, A. y.<-Don Quixote s his Crftics and Commen- 
tators. With a brief account of the minor works of Miguel db 
Cervantes Saavedra, and a statement of the aim and end of 
the greidest of them all. A handy book for readers. 

Crown Svo, 3s. 6d. 

XU MOMCEl, CWeiA-^The Ttiephone, the Microphone, and 
the l^onotfaph. With 74 lUostratiQns; , Second Edition. 
Ssiali &own evQ, 9. 

Z>GJP( 7 Jr, Home and the Roman People. 

Edited l9lW.MA|utRi^^ With nearly 3CK)onittstiRtions. 4to. 
V6l4.I.3n2p^s,3oi. 

EXGEfll^bEil^ F.— Mathezntatlcal Psychids. AnJSmiy&Gh 

. to S^l Sd^oa Petny gvo, 

Rdueiafk^'^C of the iPxiiseiM K In 

: {a aucordaueeydfli the Dedsbns cl the Common Prp* 


JCfgan Paul, Tretich & Co!s PuUications. 
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EdiftatioA Library. 


Edited by Philip Magnus 


•An Introductipn to the History of Educational 
Iheorles. By Oscar Browning, M.A. Second Edition. 
3J. * 


Old Greek Education. By the Rev. Pgpf. Maiiapfy, M.A. 
Second Edition. 3^. ^ 

School Management. Including a geneitl view of the work 
of E^cation, Organization and Dibciplinc. By Joseph Landok. 
•Third Edition. 

Eighteenth fcentu:^ Essays. S<decfed and Edited by Austin 
l^)asoN. WiQi a Miniature Frontispiece by R. Caldecott. 
'Parchment Library Edition, df. ; vellum, 7^. (m/. 

ELSDALE, Studies in Tennyson’s Idylls. Crown 8vo, $s. 

ELVOT, Sir Boke namej^ the Gouemour. Edited 

from ih^ First Edition of iMi by Henry Herbert Siephen 
Crof'^ M.A., Bani^er-at-Law. With Portraits of Sir Thomas 
and Lady Elyot, copied by permission of her Majesty from Hol- 
bein’s Original Drawing at Windsor Castle. 2 vols. Fcap. 4to, 
50f. 

Enoch the Prophet. The Book of. , Archbishop Laurence’s Trans* 
lation, with an Introduction by the Author of “ The Evolution of 

^ Christianity.” Crown 8vo, 5 a 

Eranus. A Collection of Exercises in the Alcaic and Sophie Metres. 
Edited by F. W. CoRNiSH, Assistant Master at Eton. Second 
Edition. Crown 8vo, 2r. 

EVANS, The Story of Our Father’s Love, told to 

Children* Sixlh and Cheaper Edition. With Four Illustrations. 
Fcap. 8vd, is, fid, 

A Book of Common Prayer and Worship fbr House-^ 
hold Use, compiled exclusively from the Holy Scriptures. 
Second Edition. Fcap. 8vo, is. 

The Gosp^ of Home Life. Crown 8vo, 6<f. 

The King’s Story-Book. In Three Parts. Fcap. 8vo, is, Cd, 
each. 

Parts I. and 11, with Eight Illustrations and Two Picture Maps, 
now ready, t 

«Fan Kwae” at Canton before Treaty Days 1825-1844. 

l}y an old Reside^. With Frontispiece. Crown 8vo, $s, 

FLECKER, Rtn, E/ntrsrr.^tScrlpture Onomatology. Being Critical 
Notes on the Septuagint and other Versions, Second Edition. 
Crown 8vo, 3r. ^ 

FIOREDICE, W, AT.— A Month among the Mere Irish. Small 
crown 8vo, 5f. 
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FOWlBtBev, r. fK— The Divine legation of Christ. 6iown 
8vo, 71. 

FULLER^Rev^ The Lord's Day ; o?, Christian Sunday. 

Its Unity, Histoiy, PliUosophy, and Peit)etual Obligation. 
Sermons. Demy 8vo, lor. 6^. 

CARDINER, Samuef R., and J. BASS MUtUNGER, JU.A.- 
Introduction to the Study of English History. Second 
Edition. Barge crown 8vo, 9^. 

GARPNFaR, Quatre Braji, Llgnyi and Waterloo, A 

Narrative of the Campaign in Belgium, 1815. fWith Maps and 
Plans. Demy 8vo, l6f. 

Genesis in Advance of Present Science. A Critical Iflv^siigation 
of Chapters I.-IX. * By a Septuagenariah Beneficed Prcsbytei. 
^ Demy 8vo. lor. M 

CENNAi Irresponsible Phllanthrc^ists. Being some 
Chapters on the Employment of Gmilewomen. ffimaU crown 

8V0, 2Sn (An ^ ^ 

GEORCEt Progress and Poverty : An Inquiry into the 

Causes of Industrial l>rarei»siofts, and of Increase of want with 
Increase of Wealth. The Remedy. Fiilh Library Edition. 
Post 8vo, 7 j, 6<4 Cabinet Edition. Crown 8vo, 2s, oa. Also a 
ChcapdBdition. Limp sloth, is, Paper covers, is. 

Social Problems. Fourth Thousand. Crown 8vo, js. Cheap 
Edition. Sewed, is, 

CUBSOh^g fames Y, - Journey to Parnassus. Composed by Miguei, 
D£ Cervantes Saavedra. Spanish Text, with Translation into 
English Tercets, Preface, and Illustrative Notes, by. Crown 

8V0, 125. 

Glossary of Terms and Phrases. Editdft by the Rev. H. PsRcir 
Smith and others. Medium 8 vo, 125. 

CLOVER^ F,, Kaempla Latina. A First Construing Book, 
with Short Notes liexicon, and an Introduction to the Analysis 
of Sentences. Second Edition. Fcap. 8vo, 2s, 

COZDSMIP9 Sir Francis Henry 9 Bart, 9 Q,C,9 Memoir of. 

With Portrait. Second Edition, Rmdsed, Crown 8vo, dr. 

GOODENOUOlif Cemmodore J, G.— Memoir of, with Extracts from 
his Letters and Journals. Edited hy his Widow. With Steel 
Engraved PortraitI Third Edition* Crown 8vo, 5/.^ 

GOSSEf Edmund IK^^Studies in the Literature of Northern 
Europe. With a Frontispiece designed and etched bjUUma 
Tadema. New and Cheaper Editioy Lugo crown 8vot^ 

Scveniaeiith Century Studies. ACoatributioatothenistoiy 
of English Poetry. Demy 8vo, tor. ^ 

GOULDf Rev, S$ Earinit Af,^.**-GWiany, Preseut and Past. 
New and Cheapei Edition. T.arge crown Svo, ys, 6 d, 
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Kegan Paul^ Trinch & Co's Publications. 

GOlVStNf ifajor Walter E,^A» Xvanolf’s Russian Grammar. 

^ (i6th Edition.) Translated, enlarged, and arranged for use of 

* Stjidents of the Rissian Language. Demy 8vo, 6s, 

GO WEE, Lord Eonadd. My Reminiscences. Second Edition. 
2 vols. With Frontispieces. Demy 8vo, sor. 

*«* Also a Cheap Edition. With Portraits. La^e crown ^o, 7^. 6d, 

GRAHAM, WUHam, M,A , — ^The Greed of SclenQ^, Religious, Moral, 
and ^ociaL Second Edition, Revised. Crown 8vo, dr. 

GRIFFITH, Tl^mas, A.M.--*TiM Gospel of the Divine Life: a 
Study 01 the Fourth Evangelist. DeBsy 8vo, 14^. 

GRlMLEt, Rev, H, N,, Tremadoc Sermons, chiefly on 
the Spiritual Body, the Uhseen World, and the 
Divine Humanity. Fourth Edition. Crown 8vo, dr. 

G, S, Study e^the Prologue and Epilogue In Engflsh 
XJterature from Shakespeare to Dryden^ Crown 
8vo,5^*^ 

GUSTAFSON, if .-—The Foundation of Death. Chown 8vo. 

• 

HAECKEL, Prof, The History of Creation. Translation 

revised by Professor E« Ray Lankbster, M.A., F.R.S. With 
Coloured Plates and Genealogy Trees of the various groups 
of both Plants and Animals. *2 vols. Third^Edition. Post 
^ 8vo, 32>. 

The History of the Evolution of Man. With numerous 
Illustrations, envois. Post 8vo, 321. 

A Visit to Ceylon. Post 8vo, yr. 6d, 

Freedom in Science and Teaching. With a Prefatory Note 
by T, H. HcrxxfiY, F.R.S. Crown 8vo, gs, 

Haif-Crown Series 

A Lost Love. By Anna C. Ogle [Ashford Owen}. * 

Sister Dora s a Biography. By Margaret Lonsdale* 

true iVorda for Brave Men s a Book for Soldiers and Sailors. 
By the late Ciurlbs Kingsley. 

Kotes of Travel : being Extracts from the Journals of Count Von 
. MOltke. 

Engl^h SonnetEk Collected and Ailanged by J, Dennis. 

London Lyrics. By F. Locker. 

"^Home Songs foaQulet Hoars. By the Rev. Cuion R. H. 

Baynes, i ^ w 

. A ftditted Stud, inl Ciiticism. 

' DemySvo^Sjtr. ; 

LtAKTf R^* y r.— Tho AutObiogtajphy of JtudSa Iscariot. 

A Character Study. Crown Svb, 3/. dif. 



ffAWJSIS, Rtv. Jff, jR,t Cuirent Coin. Materialisih— The 

Devil--Crime--“Drunkennes 8 --Pauperism— Emotion— Recreation 
—The Sabbath. Eifth and Cheaper Edition. Crovn|} 8 vo» 5 r. 

Arrows in the Air. Fifth and Cheaper Edition. Crown 8 vo, 5 x. 
Speech in S/Bason. Fifth and Cheaper Edition. Crown 8 vo, 5 ^. 
Thoughts for the Times. Thirteenth and Cheaper Edition. 
Crown 8 v| 2 , 5 r. 

Unsectarian Family Prayers. New . and Cheaper Edition. 
Fcap. 8 vo, I j. ‘ ^ 

HAWKINS^ Edwards (Himerford , — Spirit and Form. Sermons 
preached in the Parish Church of Iieatherhead. Cro\/n 8 vo^ dr. 

HAWTHORNE^ Works. Compete in Twelve Volumes. 

Laige post 8 vO| 7 r. d^. eadi volume. 

^foL. I. Twice-told Tales. ♦ 

li. Mosses feomoan Old Maksek*' i* 

III. The House of the Sev^n Gables, a^nd The Snow 

Image. 

IV. The Wonderbook, Tanglswood Tales, and Grand- 

father’s Chair. 

V. The Scarlet Letter, and The Buthedale Romance. 

0 

Vin i Home, and English Note-Books. 

IX. American Note-Books. ^ 

X. French and Italian Note-Boqks. 

XI. Seftimius Felton, The DollivEr Romance, Fanshawe, 
AND, in an Appendix, The Ancestral Footstep. 

XII. Tales and Essays, and other Papers, with a Bio- 
graphical Sketch of Hawthorns. 

IfAYESt A. A,, New Colorado, and the Santa Fd Trail. 
With Map and do Illustrations. Square.Svo, gs, 

HENNESSY, Sir J(dm Kahegh in Ireland. With his Letters 

on Irish Anaira and some Contemporary Ubcuments. Large crown 
8 vo, printed bn band-made paper; pardiment, lor. ddT. 

HENRYi Diaries and Letters of. Edited by Matthew 

Henry Lee, M.A. Laige crown 8 vo, 7 f. &f. 

The Age to Coma^ Sihall crown Svo, sr. ddL 

BtMEi M^0r AT. W: £^fiR,A.-^V/AgMT^ : A Prot^. Crown 

6d, 

X.etters. Edit^by Ellice Hc^KMEi’with 
' iui ili^bduction by Sir W. *W. (Oull, Bart;, >nd Podrait 
emM bp Steel 3^ H>,Jben5. Fourtit E^oiu Croivn 

Seeo^ Edition.^ Crown 8vp» p. 
The Law Crown Svo. 


VI. T^e Marble Fa^n. [Transformation 



Kegan Paul, Trenc/i & Co.’s Publications. *13 

yk-tonHtmd. 

The Mystery of Pain. New Edition. Fcap. 8vo, 1^. 

* ll* 

Hodson of Hod^n’s Horse ; or. Twelve Years of a Soldier’s Life 
in India. Being extracts from the Letters of the late Major 
W. S. R. Hodson. With a Vindication from the Attack of Mr. 
Bosworth Snflth. Edited by his brother, G.^ 1 . Hodson, M. A. 
Fourth Edition. Large crown 8vo, 5 j. • 

aOLTHAM, JS. C'.-Elght Years In Japan, 18 t 3 - 1881 . Work, 
ij^rav^, and Recreation, '^ith three Maps. Large crown 8vo, px. 

HOOPER, Little Dinners : How to Serve them with 

£l|gance and Economy. Eighteenth Edition. Crown 
8vo, 2j, td. 

Cookery for Invalids, Persons of Delicate Digestion, 
and Children. Third Edition. Crown 8vo, 2s, 6 d. • , 

Everyday MeftLSu Being Economical and Wholesomf Recipes 
for Ereal^st, Luncheon, and Supper, Fifth Edition. Crown 
8vo, 2 s,%d, ' 

HOPKINS, jS/Zf^.—Llfe and Letters of James Hinton, with an 
Introduction by Sir W. W. Gull, Bart., and Portrait engraved 
on Steel C. H. Jeens. Fourth Edition. Crown 8vo, 8x. td. 

Work amongst Working Men. Fifth Ecktion. Crown 
8vo, 31. 6<f. 

HOSPITAUER, i?.«i«-The Modem Applications of Electricity. 
Translate and Enlarged b]f Julius Maier, Ph.D. 2 vols. 
Second Edition, Revi^, with many additions and numerous 
Illustrations. Demy Svo, 12s, 6 d, eaw volume. 

VoL. I.-— P^ectric Generators, Electric Light. 

VoL. II.— Telephone : Various Applications : Electrical 
Transmission of Energy. 

Household Headings ou Prophecy. By a Layiito. Small 
crown 8vo, 31. Sd, 

HHG^ES, /Aniy,— The Hedemptlon of the World. Crown 8vo, 
3r. 6 d^ . 

HUNTINGPORD, Reu. A., The Apocalypse. With a 

Commentgiry and Introductory Essay. Demy 8vp, 5r. 

HHTtdN, AfikuTf MiA.-^ThB AngUc^m Ministry ; Its Nature 
osd Value m relation to the Catholic f nesthood. With a Preface 

^ I^His Eminence Cardinal Newman. Demy Svo, 14^. 

HffffON, a,,^,*^Huconnoious Testimony; or. The Silent 
Witness of the Hd>rew to the Tmth'^.the Historical Scr^tures. 
CroroSvpi Sir. 6d; . 

ffYNPMdN^ Hi Historical Basis of Sooiallem tn 

England. Ia]^e <arown8yo,&. fS/. 
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IM THURN^ £verard /I— Among the Indians iit Guiana. 
Being Sketches, chiefly anthropolo^ from the Interior of British 
Gaiana. With 53 Illustrations and a Map. Demy 8vo, 1^, 

Jaunt In a Junk : A Ten Days’ Cruise in Indian^Seas. Large crown 
Svo,^ 7r. 6d. 

JENKII^, E„ mJ RAYMOND^ y.— The Architects I^al 
fiandbook. Third Edition, Revised. Crown 8vo, 6r. 

JENNINGS^ Mrs, Pdu£han,^'R 9 h ^ : Her Life and lictters. Large 
post 8vo, p, 6<fc ' *■ 

JERVISt Rev. IV. Galilean Church and the 

Hevolution. A Sequel to the History of the’ (Church of 
France, from the Concordat of Bolc^aa to the Revolution. 
DemySvo, i8r. ^ 

yc^L^ Z.— A Consult Manual and Shi^powner^ and Ship- 
paaster’a Practical Guide their Transactions 
Abroad. With Definitions ^ Nautical, M^*cnntile, and Legal 
Terms; a Glossary of Mercantile Terms in English, French, 
German, Italian, and Spanish^* Tables of the Monc^, Wei^ts, 
and Measures of the Principal Commercial Nations and their 
Equivalents in British Standards; and Forms of Consular and 
Notarial Acts. Demy 8vo, 12^. ^ 

JOHNSTQNk, C. F., J/./f.-Hlstorical Abstracts i benw Outlines 
of the History of some of the less known States of Eutwpe. 
Crown 8vo, yr. 

yOLLYi WUiiam^ Tbe Life of John Duncan, 

Scotch Weaver and Botanist. With Sketdies of his 
Friends and Notices of his Times. Second Edidon, Large 
aown 8 vQ| with etched portrait, qt. o 

yONES, C. The Foreign Freaks of Five Friends. With 30 
lUSstrstions. Crown 8vO| dr. 

JOYCE, P. JV,, LL,D., Old Celtic AomenceSs Translated 
fiemiheCledie. Ckown 8vo, yr. d<A 

yOYNEG, y Z.— The Adventures of a Tourist in Ireland. 
Seem edition. Small crown Svo, Sr, 6^ 

EAUEMA^It, Rev. M, ^.^.--SoclaXlsm : its Nature, its Dangers, 
andiuRemedies|cmsidered. Crown 8vo, 7r.di/. 

Utopias ; or. Schemes of Social Improv^dimt, from Sir Thomas 
More to Karl Marx. Crown 8v0, 5r. ^ 

KAY^ hnt!’ Bducatoiirs- Crown Syo, 

KAY , In LaBd. Edited by hb Widoir. ^Vlth 

JOB39 Biei^hti »t.P. Ssmth 

Edition. Crown m, 5r. , ' 
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Kegan Paul, Trmch & Cols Publications, 

KEdfPlS, ^mas Of the Imitation of Christa Parchment 
Library Edition. — Parchment or cloth, 6 r. ; vellum, 7 r. 6ii, The 

* Red Lme EditfKIhis fcap. 8 vo, red edges, 2 x. 6ti, The Cabinet 
edition, small 8 vo, clotn limp, is, ; cloth boards, red edges, is, 6a, 
The Miniature Edition, red ^ges, 32 mo, is. 

All the above Editions may be had in varlbus extra bindings. 

KBNTi C.«-Gorona Gathollca ad Petri BuccessoAs Pedes 
Oblatai De Summi Pontlflcis Lednis X.III. As-- 
Buxieptlone Epigramma. In Quinquaginta Linguis. f'caj). 
Vo, ifjf. •* 

KETTLEWELL, Rev, i*.— Thomas a K^pls and the Brothers 
of Common Life, z vols. With Frontispieces. Demy 8 vo, 

i *30ff. • • 

KIDD^ Joseph, The Laws of Therapeutics ; or, the Science 
and Art of Metjlcine. Second Edition. Crown 8vd, dr. 

KINGSPOUD, ^Htia, >.27.— The PeAect Way in A 

Treatise advocating atReturn to the Natural and Ancient Food of 

oar Race. Small crown 8 vo, 2s, 

• 

KINGSLEY, Charles, Letters and Memories of his Life- 
Edited by his Wife. With two Steel En^aved Portraits, and 
Vignettes on Wood. Fourteenth Cabinet EditioD. svols. Crown 
8 vo, 12S, ^ • 

^ *iii* Also a People’s Edition^in one volume. With Portrait. Crown 

All Saints* Day, and other Sermons. Edited by the Rev. W. 
Haitaisow. Tbird Edition. Crown 8 vo, fs, df.. 

True Words for Brave Men. A Book for Soldiers’ and 
Sailors’ Libran^. Tenth Edition. Clown 8 vo, 2s, 6d, 

KNOX, Alexander New Playground ; or, Wanderings in 

Algeria. New and cheaper edition. Large crown 8 vo^ dr. 

LANDON, %r^A«-^hool Management ; Including a General View 
of work of Ednoatam, Orgaa»ati(»i» and Discipline. Ihird 

* Edition, Crown 8 vo, dr. 

LAtlRUS, S, X-^The Training of Teachers, and other Educational 
Pa^rs. Crown 8vo, fa &l, 

LEE, Rev, £>.C.Z*—The Other World ; or* Glimpses of the 
Supemtural. 2 vols. A New £di||on. Crown 8 vo, 

Letters from a Tdnng Emigrant in Manitoba. Second Edition. 
^ %n 1 dyicrownSwv 3 x. 6 ^ 

LEms, Eekiuvd imtS^ Braft Gdde of Criminal taw and 
Procedure. I>en^8vp, sir. 

ZitLlJSf Afthetr, Jlt,R^A,S^^JI1i9 Life of Buddha, 

* Conttdniag m to the Hipba^ With 

.. Illustrations. Crown Svo, dr. 
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LLOYD f The Hope of the World : An Essay Ai Uniffersal 

Redemption^ Crown 8vo, 51. 

LONSDALE, Maf^garet.^istev Dora ; a Bidgiraphy. Witlj, Portrait. 
Twenty-seventh Edition. Crown 8vo, 2f. 6el , '' 

LOUNSBUEV, Tfmtas James Fenimore Cooper. Crown 
«vo, SJ. ^ ' 

LO WDEtt^ Charles,^ A Biography. By the Author of St. Teresa.” 
New and Clffeaper Edition. Crown 8vo, With Portrait. 31. 6^/. 

LYTTON, Edward Bulwer, -I 4 fe» Letters and Literary 
Remains. By his^on, the Earl of Lytton. eWith Portraits, 
Illustrations ana Facsimiles. Demy 8vo, Vols. I. and II., 32^. 

MACAULAY, G, C.— Francis Beaumont : A Critical Stu^y. Crown 
8vo, 5f. * ^ 

MAC CALLUM, M, ^.—Studies in Low German and High 
German Literature. Crown 8vo, 

MACDOMiLD, Georgte, -^J>onaX Grant. ^'A New No?'.el. 3 vols. 
Crown 8vo, 3ir. 6d, ^ • 

MACIIIAVELLI, Niccolb.^JMe and Times. By Prof. Villari. 
Translated by Linda Villari. 4 fols. Large post, 8vo, 48^. 

MACHIAVELLI, Discourses on the First Decade of 

Titus Llvius. Translated from the Italian by Ninian Hill 
Thomson, M. A. Larg#crown8vo, izr. 

The Prince. Translated from the Italian by N. H. T. Sn^all 
aown 8vo, printed on hand-made paper, bevelled boards, dr. 

MACKENZIE, Akxander.^Hovr India is Governed. Being an 
Account of England’s Work in India. Small crown 8vo, gr. 

MACN AUGHT, Eev, Gcena Domini : An Essay on the Lord’s 

Supper, its Primitive Institution, Apostolic Uses, and Subsequent 
History. Demy 8vo, I4r. * 

MACWALTER, Eev. G, 5 .— life of Antonio Rosmlni Serbati 
(Foiihder of the Institute of Char^). 2 vols. Demy 8vo« 

, Ivol, I. now r^y, price I2r. 

MAGNUS, JIfkf.-^Aboxit the Jews idnee Bible Times. From the 
Babylonian Exile till the English Exodus. Small crowa 8vo, 6r. 

MAIR, R* S*, MD,, KE, A.-^The Medical Guide for An^o- 

{ ndiahs. Being a Compendium of Advice to Europeans in 
ndii^i relating to the Preservation and R<«nhition of Health. 
WIdi a Sttppleme^ on the Management ofChildren in IndiSr 
Second Edition. ($om 8vo, limp cloth, 3r. &f. 

MAZDEN, Ai/rbf.-<-Vienna, 1683 * The History and Com*^ 
quenne* of the Defeat of the Turim l^oie Vienna^ Septeihber 
to&i by lohn. Sobiericii Kiu^ of Poland, and Chailea 
Leopol^^^we of Xonah^e. Ctown 8vp, 4A 6^ 

Many A vo^ Extra^ Urom Rel^doua Writeia of 

Chicis^M#. the Eir^ & the Sixtetiith Cei^uiy* Wll^ 
Bio^phuil S]|eet<^ CromSvp, doth extra, red edges, 6ir, \ 
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Capt. Albert HasHf^t The Great Frozen Sea : 
A Personal Narrative of the Voyage of the Alert during the Arctic 

^ Expedition of c^75~6. With o Full-page Illustrations, 2 Maps, 
ahd 27 Woodcuts. Sixth and Cheaper Edition. Crown 8vo, dr. 

A Polar Reconnaissance : being the Voyage of the Ishjdm 
to Novaya Semlya in 1879. With 10 Illustrsftions. Demy 8vo, t6s. 

Marriage and Maternity ; or. Scripture Wives and Mothers. Small 
crown 8vo, 4^. 6</. • 

MARTlNEAUy G^/mf^.--Outline Lessons on Morals. Small 
crown Svo, 3^. 6^. » 

MAUDSIEY% lEt M.D , — Body and Will. Being an Essay con- 
*ceruiDg Will, (jit its Metaphysical, Bhysiological, and Pathological 
Aspects. 8vo, i2r. 

McGRATIf, Pictures from Ireland. New and Cheaper 

Edison. Cro^n^YO, 2s, ^ « 

MEREDITJ/js^ MA.----The^oliLokg the Example for Woman. 
Dedicated, by permission, to Lady Agnes Wood. Revised by 
the Venerable Archdeacon Denison. 32mo, limp cloth, u. 6d , 

MII0LER9 Edward,-^The History and Doctrines of Irvinglsm ; 
or. The so-callcd Catholic and Apostolic Church. 2 vols. Large 
post 8vo, 25^. • * 

The Church in R^aUon to the State. Large crown 8vo, 

7r. 6 ( 1 . 

MINCHIN^ J. G.— Bulgaria since the War ; Notes of a Tour in 
the Autumn of 1879. Sitiall crown 8vo, 3^. 6d. 

MITCHELL^ Lucy Af.— A History of Ancient Sculpture. With 
numerous Illustrations, including 6 Plates in Phototype. Super 
royal 8vo, 42/. 

Selections from Ancient Sculpture. Being a Portfolio con- 
taining Reproductions in Phototype of 36 Masterpieces of Ancient 

, Art to illustrate Mrs. Mitchell's " History of Ancient Sculpture.” 
i8r. 

MITFORDf Bertrum.’-^ThTQVLgh the Zulu Country. Its Battle- 
fields and its People. With five Illustrations, umy 8vo, 14^. 

MOCELERt E^^A Grammar of the Baloochee Language, as 
It is spoken in Makran (Ancient Ge|rosia), in the Fersia-Arabic 
and Roman characters. Fcap, 8vo> gf* 

llfd^SHfO^Tir, m. W. Musau, iK^^Klstory of the Ghttich 
of Ehgiand f]^m 1660 . Large cram 8vo, fjr. 6el. 

MORELZt % if.— Euclid SimplihcA Ini Itfethod atd Language. 
Beng a Manual of Geometry* Compiled from the most important 
Preneh Works, approved by the tirfiversity of Fads and the 
Minister of Public Instruction, Fcap* 8v6, 2s. 6d. 




ta^on of tbo pivine Nature to Man. l^e crown 6vq^ *js, 6^. 

MOJiS£% JS. S.f jR®./?.— First Book of Zoology* With numerous 
Illustrations^ New and Cheaper Edition. Crown $vo, ar. 6rf. 

Ml/JiPIfV, John Ni€hol(ts."^^\i!b Chair of Petor; or, The Papacy 
considered jn its Institution, Development, and Organization, and 
in the Benefits which for over Eighteen Centuries it has conferred 
on Mankim;:. Demy 8vo, ^ 

My Ducats and My Daughter. A New Novel, e 3 vols. Crown 
8vo, 31-f* 

NMISO^, y. IT,, M,A — A» Pronpectus of tlje Solontlfle Study 
of the Hindu Law. Demy 8vo, gr. 

Cofur^a/.-HUharacteristlcs from the Writings of. 
Being Selections from his various Arrayed with the 

Author’s personal 3V.pprovaL Sixth Edition^ VTith Portrait. 
Crown 8vo, 6r. 0 a 

A Portrait of Cardinal NewmVh mounted for framing, can 
be had, 2s, od, 

NEWMAN. Francis W/f#ii»i.--rp;ssays on Plot. Small 'crown 8vo, 
cloth l^p, 2r. ^ 

New Truth and the Old Faith : Arc they Incompatible? i'By a 
Scientific Layman. Demy 8vo, lor. 6</. c > 

New Werther. By Loki. Small crown 8vo, 2r. 6d. 

NICHOLSON, Edward The GospOl according to the 

Hebrews- Its Fragments Translated and Annotated, with a 
Critical Analysis of the Extenral imd lutental Evidence relating 
to itf Demy Syq, pi, H • 

A New Commentary on the Gospel according to 
;M&tt)iew« Demy 8vo, w. 

NICOLS, Arfhur, FM, F.^.G,^.»--Chaptera f^m the physical 
History of the Kartht an Introduction to Oeolocy and 
Pabepntology, 'With nmnerous Illustrations. Crown Bvo, 51. 

NOPS, AMi^.iHCllais ILeuons on Euelld* Part I. oontalning 

I m fiat Two Books of the Elements. Crown 8v0i, aa 6d. 

NoMi OB St. ;mia V Epiatte to the Galatians^ ppyReadenof 

I iSlia I}emy|v6,si.6f. 

Nuoes s j^ncisns 02s Sy»rfAx ot tkw Ptrsnic School Latib. 

/New EdltioO m Three Pmgt, Gtesro feor Mil 

UOns and ^Maps. Dttey 1^, ata, 
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0G7.Jg, W.^.D., /iJPr Aristotle qn the Pai?tii of Animals. 
Trap^^tedi with latrodqctioa ^ Notes. Koysl Svp» 6^* 

O'lrTlGAJg^ Lord^ Occasional Papers and Addresses. 

Large orcmm Svo, fs, 6d, 

OKEN^ Lorem, Life of. By Alexander Eckbr, With Esplanatoiy 
Notes, geldtlions Aom Oken*S Cofrespondente, aod portrait of the 
Professor. From the German by Alfrep Crevn 8vo, 6s. 

CtMEARAf AiiMi!e»i,--Fredarlo Oaanami Professor of the gorbonne ; 
Hisd^ifc and Work. Second Edition, frown 8v0| 7^^ 6d. 

hWi Perreyva a«d TSte Conufcis to the KlaK, Small 
crown Svo, S** 

OSEOR^, R^zf. JV. The Revised Version of the New Tes- 
tament. A Critical Commentary, with Notes upon the Text. 
Crown Svo, g.fi. 

OTTLEY, H. BichersUlh^^YiA Great Dilemma. Christ His^Own 
Wimess or HhDwn Aecuser, Bk Leetnres, Second Edition. 
Crowg BVo, 3f, 6rf. ^ 

Our Publio Sohools— Eitop, Harrow, Wlnehester, Rugby, 
Westminster, Marlboropgh, The Ghai^rhouse. 
Crown 8 fo, 6r, 

OWEN^ F. Aif.-idbhn Keats 1 a Study, Crown 8vo,^(b. 

Across the HlllSi. Small crown 8vo, \s, 67. 

91^EN^ Rev, R{^, Ganctorale Cathollcum ; or, Book of 
Saints. With Notes, Critics^ Ex^ptical^ sad Histori^el. Demy> 
Sto, i8a 

OXENJfAl^f^ Rev, F, What Is the Truth as to Ever- 

lasting Punishment. Pmi: II. Being an Historical Inquiiyi 
into the Witneea and Weight of certain Anti*Orjgenist Councils. 
Crpwngyo, sr. dA 

OXONIENSIS.-^'Romvaxinm^ Protestantlsmi AagUoanlsm. 
Beingj^ tayman’s View some questions rf *e Pay, Together 
with ««w»arks nn Pr. Wttledale’s PWa Raauw against join. 
• ipg the Chur^ of Borne,” Crown jr, ^ 

P4I^EJfL thfi kdi ip^V7fsfWt-"Kotas of A 'VMt to Russia in 
1840-1841. Selected and arranged by jpng R, Cardinal 
Nswif AN, with pertrait frown gvo, JSr. 6^, 

Ranly ChrisUan Symbolism. A Series of Compactions from 
Fresco Paintings, Glasses, and. &!|tptiiaBd" Sarem^ Edited 
by the 9tPrt Pmvoat NonTHM^ P»P.t end the Key. Canon 
^ {fnowELOw, In 8 iwdi im 4 iPktea. FoKo, sj. 
coloured ; Sir, pH^ 

E^iurdhmeut XSbWV,. choioely on hand#^ paper, limp 

par^iafient^a ft. H eiA yotiime. 

^ The BvfldWi •Truncated, W the *t, % Cbevne, 

" M.A. ' '' 
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Parchment lX!atzxr^--^ontinued, 

The Vicar of Wakefield. With Preface and Notes by Austin 
Dobson. 

English Comic Dramatists. Edited by Oswald C^rawfurd. 

English Lyrics. 

The Sonnet# of John Milton. Edited By Mark Pattison. 
With Portrait after Vertue. 

Poems by jflRfred Tennyson. 2 vols. With miniature frontis- 
pieces by W. B« Richm<md. ^ ^ 

French Lyrics. Sj^lected and Annotated by Cborgb Saints- 
BURY. With a miniature frontispiece desired and etched by 
H. G. Glindoni. 

Fables by Mr. Johzf Gay. With Memoir by Austin Dobson, 
and an etched portrait from an unfinished Oil Sketch by Sir 
c Godfrey Kneller. 

Select I.etters of Percy Bysshe Sh^ey. E^^ted, with an 
Introduction, by Richard Garnett. ^ 

The Christian Year. Thoughts fta Verse for the Sundays and 
Holy Days throughout the Year.'' With Miniature Portrait of the 
Rev, J. Keble, after a Drawing by G. Richmond, R.A. 

Shakspere’s Works. Complete in Twelve Volumes. 

Eighteenth Century l^ssays. Selected and Edited by Austin 
Dobson, With a Miniature Frontispiece by R. Caldecott. > > 

Q. Horati Flaccl Opera. Edited by F. A. Cornish, Assistant 
Master at Eton. With a Frontispiece after a design by L, Alma 
Tadema, etched by Leopold Lowenstam. 

Edgar Allan Poe’s Poems. With an Essay on his Poetry by 
Andrew Lang, and a Frontispiece by ynley Sarnboume. 

Shakspere’s Sonnets. Edited by Edward Dowdbn. With a 
Frontispiece etdied by Leopold Lowenstam, after the Death Mask. 

English Odes. Selected by Edmund W. Gossb. With Frontis- 
piece on India paper ^ Hamo Thomycroft, A.R.A. 

Of the Imitation of Christ By Thomas i Ksmpis. A 
revised Translation. With Frontispiece on India mper, from a 
Desi^ by W. B. Ridimond. 

Tennyson’s The PrlnceflSji a Medley. Wifti a l^niature 
Frontispiece by M. Paget, and a Tailpiece in Outline by 
Gt^mBrbwne. | 

X»(9esW * Selected from Brrcv BvsshE SHBLxjnr^ llediceted 

W|th a Pte&ce ty BncHARD OARNgTr aiffi a 
'‘rontigpiece. , S 
, In Memcurlam. with a Miniatuie Fortr^t 

^ Le Rtiti^after a photogtupih Iw the late Mrs. 

Th^aboyevulaii^mayji^bhiliid iuaw^^ 
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PAR^OEy Jmph, — Our Railways. Sketches, Historical and 

• Descriptive. Practical Imormation as to Fares and Rates, 
et^., and a Chapter on Railway Refarm. Crown Svo, 

PA UL^ Alexander , — Short Parliaments> A History of the National 
Demand foi^requent General Elections. Snj^ll crown Svo, 3^ . 6^. 

PAULf C, A?^.^Biographical Sketches. Printed on4iand-made 
paper, bound in buckram. Second Edition. • Crown Svo, Js, 6d, 

PEARSOMf dUev, .S’.— Week-day Living. A Book for Young Men 
*and W^men. Second Edition. Croj^ Svo, 5x. 

PESCHELy Dr, The Races of Man and their* Geo- 

graphical Distribution. Second Edition. Large crown 
Svo, 9J. • 

PETERS^ F, The Nlcomachean Ethics of Aristotle. Tsans- 
lated by. Croi^^Svo, 6s, 

PI/ZPSONt ^A.<wThe Animal Iiore of Shakspeare^ Time. 
Includhig Quadnipedfli Birds, Reptiles, Fish and Insects. Large 
post 8vO| gs, , 

PIDGEON^ Z?.— An Engineer’s Holiday ; or, Notes of a Round 
Trip from Long, cr to oP. New and Cheaper Edition. Large 
erown Svo, 7 j. o<4 ^ ^ 

POPE% y. Railway Rates and Radical Rule. 

mm Trade Questions as Election Tests. Crown Svo, ar. 6d, 

PRICE^ Prtf, Bonamy, — Chapters on Practical Political 
Economy. Beii^ the Substance of Lectures delivered before 
the University of Oxford. New ai^ Cheaper Edition. Large 
post Svo, 5^. 

Pulpit Commentary, The. (Old Testament Series.) Edited hy the 
Rev. J*. S. Exsu., M.A., and the Rev. Canon H. D. M, Sfencb. 

Genesis. By the Rev. T. Whitelaw, M. A Witlf Homilies by 
the Very Rev. J. F. Montgomb&y, D.D., Rev. Prof. R. A. 
Redford, M.A,, LL.B., Rev. F. Hastings, Rev. W. 

• Rosbrts, M.A An Introduction to the Study of the Old 
Tettam^t ty the Venerable Archdeacon Farrar, D.D., F.R.S. ; 
and latrbducdons to the Pentateuch by the Right Rev, H. COT- 
TBRitt, D.D., and Rev* T. Whitelaw, M,A Eighth Edition. 
I voL, 15* 

Exodus. By the Rev. Canon Rawinson, With Homilies by 
Rev. L Ore, Rev. D.. YouijiG, BlA, Rev. C. A Goodkart, 
Rev. Urqu^t, and the Rev. H. T. Robjohns. Fourth 
Edition* a toli\iSip. 

Leviticus* By tSe Rev. Prebendary Ueyrigk, M.A With 
Intfodnctim oy ihe Rev. R. CoLLms, Rev. Bcoiessov A Cave, 
and Homilies by Reve ProL RsufoEd, LLEj^ Rev. J. A. 
MAcnoKimRev* W. CLARKSOHy BJLf Rev, S. R« Aldridge, 
LLB., and Rev. McChbVns Edgaa Fourth Edition. 15A 


22 


A List of 


Pulpit Gommelitary« 

Numbers. Bv the Bev. Wif^Tlssoomii*, LUB. ‘With 
Homilies by the^Rev. Professot W. BiKKis#! D.D,,TRev, E. S. 
PHOUT, MiA*) Rev. D. YouHU, Rev, J* WaitBi and an Intro- 
duction by the Rev. Thomas Whitbi^w, M.A. Fourth 
Edition. 15J. 

!beuteronomy. By the Rev. W. L. ALBXANDCity P«D. With 
Homilies oy Rev. C. Clbmance^ D.D., Rev. J. Orr, B.D., 
Rev. R. M. EdqABi M.A.|^Rev. D. Davies, id.A.« Third 
edition, 15* ^ 5 

Joshua. By Revi J. T. Lias» M.A. With Homili^ by Rev. 
B. R. Aldridge, LL.B., Rev. R^ Glovbr, Ree. E. de 
PressensA, D.D., Rev. J. Waite, B.A.,® Rev. W. F. Adeney, 
M.A. : and an Introduction by the Rev. A. Plummer, M»A. 

< Fifth Edltiail. ISx. td. 

Judges and Rutha By the Bishop^ o'f Bath aM Wells, and 
ReV« Ji Morrison, D.D. With Homilies by A. F. Muir, 
M.A*, Rev. W. Fi AdEney, M.A*, Rev. W* M. Statham, and 
Rev. Professor J. Thomson, Mf A. Fourth Edition, lor. 6d. 

1 Samuai. By the Vm Rev. R. P. Smith, D.D. With Homilies 
by Rev. DonaId FrASEr, D.D., Rev. Prof. Chapman, and 
Rev. B^ Dale. Sixth |:dition. 1 51. 

1 KiUiA. By the Rev. Joseph HaMmohd, LLB. With Ho milies 
by the Rev. E. de PressehsE, D.D., Rev. J.. Waite, BfSf, 
Rev. A. Rowland, LKB., Rev. J. Ai MacdoHald, and Rev. 
J« Urquhart. Fourth Edition. 15^. 


£bkIi Nehemlah, and fistheti. By Rev. Csnon 0 . RAWlinson, 
M.A. With Homilies by Rev. Prof. J. R. Thomson, M.A., Rev. 
Prof. R. A* Rbdford, LL.B., M.A., Rav. W. S. I^wis, M.A*, 
Rev. J, A. Macdonald, Rev. A. Mackennal, B.A., Rev. W. 
CuyRKSON, B.A., Rev. F. Hastings, Rev. W. Dinwiddib, 
LL.B.J Rev4 Ptof. RowtAftDS, B.A., Rev. G. WOoO, B.A., 
Rev. mf. P. C. BArRER, M.A^, LI1.B., add the Rev. J. S. 
ExBLLi Sixth Ei^tioni t vol*, xe^ii ^ 

Jeramiah. By the j^v. T. R. Cheynb, M»A. With Homilies 
by ihe R«v« W. F. Adbnsy, HiA., Rev. A. F# Muir, M.A., 
Rev, S. CoHiyAir, B.A«, Rev. J* Waits, B*A.| end Rev. D, 
VoHng, S.A. Vol. t, 15$. 


Pulpit d^mmant 
im With 


Testament Series.) 

BiOKhRStsTHi D.D(, Deen of licb* 
9iei by Rev. Pmf. THOHsON, lit. A., Rev. Pi0f«a 


M:A*, Rev. Prot JohhsoR,J£A^ 1%. A. Rowland, 
B.A*, Rev. Al«<Muir, aAd l^v* R. GeAbn. b voIs. 


By the Bishil^. el jAth And Wells, 
tLB., Rev. 


m 
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Pulj|)it CdmmantatY, The— 

• 1 Gotinthians^ By the V 611 . Archdeatibn FAltRARi D.D. With 
Jlomilies by Rev. Ex-Chtmcellor LirscoMii, LL.D., Rev. 
David Thomas, D.D., Rev. D. Fraser, D.D., Rev. Prof. 

T. R. Thomson, M.A., Rev. J. Waite, B.A., Rev. R. Tuck, 
B.A., Reve £. Hurndall, M.A<, and Rqr. II* Bremnbr, B.D. 
Price iS-f. ^ 

PUSEY^ Sermons for the Churclujs Seasons from 
Advent to Trinity- Selected from the Published Sermons 
• of the late Edward BottVteRlE Pusey, D.D. Cfown 8vo, Ss. 

Ql/JLTEE, The Academy, *»1872-188i8* is, 

EADCZfPFEf Frank R, K— The New Politlcus. Small crown 8vo, 
Is, 6 d, • • 

RANKBi Leopoid Universal History- The oldest Historical 
Group of Natms and the Greeks. Edited by G. W. Pro'Aiero. 
D(||Dy 8vo, ^ 

Realities oS ttie Future |pife« Small crown 8vd, in 6 d, 

RENDELLi y, J/.'^oncise Handbook of the Island of 
Madeira. With Plim of Funchal and Map of the Island. Fcap. 
8vo, IS, 6 d, 

RSy/\tOLDSi Rev, % IP;— The Supernatural in Nature. A 
Verification by Free Use of^cience. Third Edition, Revised 
and Enlai^ged. Demy Svo, t 4 r« ^ 

The Mystery of Miracle^. Third and Enlarged Edition. 
Crown 8vo, 6j. 

The Mystery of the Universe; Onr Common Faith. Demy 
Svo, 14 J. 

RlBOTi Prof, 7%.*^l]eredlty s A Psychological Study on its Phenomena, 
its Laws, its Causes, and its Consequences. Second Edition. 
Large crown Svo, 9 s, 

JIOSESTSON, Tkt late Rev. P, m, anh Utters of. 

Edited by the Rev. Stopford BrOOKE, M« A. 

, 1. ISvo Yols., uniform with the Sermons. With Steel Portrait.. 

Crown 8vo, 7^^ 6 d, * ** * 

' It., idbrazy Edition, m Demy Svo, with PorUait« tar, 
ni, A Papular Edition, in i vol. Crown Svo, 

Barmonk Four Series. Small crown Svo, p, fiaT. eadi. 

The Human Race, and other Sermons. Preached ju Chelten- 
ham, Oxford, and Brighton. Ne^ and Cheiq>er Edition, Small 
^ titown Iv0» 3n W ' 

Notes on GendiMs, New Cheaper Edition. Small crown Svo, 

y. W. f 

Kxnository I^entures on St» PakPs RpUtUs to the 
Cprintmans. A N|w Edhion- crown sj. 

tdMitttres tod ikdiniMest with 0^^ A New 

Edition, Smttll ctown Svo, y. 



24 


A List of 


ROBERTSON^ The late Rev, F, W,^ M,A,^mtinued, * • 

An Analysis of Mr. Tennyson’s^ “In Memorial^.” 

(Dedicated by Pennission to tlie Poet-Laweate.) Fcap, 8vo, 2s, 
The Education of the Human Race, llfaxislated from the 
German of Gotthold Ephraim Lessing, Fcap. 8vo, 2s, 6d, 
The above Wdirks can also be had, bound in htlf morocco. 

A Poftrait of the late Rev, F. W. Robertson, mounted for framing, 
can be had, vs. Sd, 

ROMANES^ G. y.^ Mental Evolij.tion in Anima&s. ;^ith a 
Posthumous Essay on‘ Instinct by Charles Darwin, F.R.S. 
Demy 8vo, I2s, * 

ROSMINI SERSATIt A., Founder of the Institute of Charity. • Life. 
By G, Stuart Mac'W'alter. 2 vok 8vb. 

[Vol. I. now ready, 12s. 

Rosx&ini’s Origin of Ideas. Translated Jfom the Fifth Italian 
Edition of the Nuove Saggio SuW oi^ne delle idse, 3 vols. 
Demy 8vo, cloth. [vols, I.^and II, nowfe%dy> each, 

Rosmlnl’s Philosophical System. Translated, with a Sketch of 
the Author’s Life, Bibliography* Introduction, and Notes by 
Thomas Davidson. Demy 8vo, i6r. 

RULEi Martin^ The Life and Times of St. Ans^bn, 

Archbishop of Gaxrterbury and Primate of the 
Brltains. 2 vols. Demy 8vo, 32X, 

SAL VA TOR, AnMu^eZudwi^.^J.SYl5.osiSL, the Capital of Cyprus. 
Crown 4to, lor. 6d. 

SAMUEL, Sydney ilif.«*-Jewish Life In the East. Small croim 
8vo, 3r. &. 

SA YCE, Rev. Archibald Introduction to the Science of 

Language. 2 vols. Second Edition, ^rge post 8vo, 2i.r. 

Scientific Layman. The New Truth and the Old Faith : are they 
Incomi^tible ? Demy 8vo, 10;. 

SCOONES, W, Four Centuries of English Letters : 

« A Selection of 350 Letters by 150 Writers, from the Period ofrthe 
Paston Letters to die Present Time. Third Edition. Laige 
crown 8vc, frr, 

SJU/LZITOf Rev. Womanhood i its Duties, Temptotions» 

and Privileges. A Book for Young Womm. Third j^ition. 
jj^wn 8vo, y.6d. 

SIJIPLl^, FUv. Orhy, MA.t-^Principlev of the Faith 1st Rela- 
tion to .Sin* Topms for Thmiglht Tjain^ oi Retreati 
' Eleven Addresses deliveied durhig a Relreat of Ihree^Days to 
Personia';Qi^ in World. Demy 8^, sir.' 

Sistmr Augiatel^, Supervor of the Sisters of Charity at the St. 
Tohibnit Hcij^tai at ifioan. A|thonsed Trundatfon by Hans 
ficMg tlw’fOenUaja “Idwftoxials of Amaus tON 
Lasaulx.” Ptop Edition. Large crown 8vo, 4^, frsT. 
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• 

SKIifNERiyames.~-A. Memoir. By the Author of “Charles Lowder,” 
With a Preface by the Rev. Canon CarteRi and Portrait. 
* Large crown, 

• • 

SMJTff, Edward^ M.D„ ZZ.^., Z’.Z*..?.— Tubercular Consump- 
tion in its Early and Hemediallj^e Stages. Second 
Edition. Crown 8vo, 6 s. ^ 

SPEDDING^ Reviews and Discussions, Literary, 

Po]yitical, and Historical not relating to Bacon. Demy 
• 8yo, laj. 6 d. •• 

• • 

Evenings with a Reviewer; or, Bacon and M^aulay. 
, With a Prefatory Notice by G. S. Venables, Q.C. 2 vols. 
Demy 8vo, rtr. • 

STAFFER, Shakspeare and Classical Antiqwity; 

Greek and Latin Antiquity as presented in Shakspearc’s Plays. 
Translated by E&iily J. Carey. Large post 8vo, 12^. 

STEVENSOfr, Rev. W. /!- 5 Hymns for the Church and Home. 
Selected and Edited by*the Rev. Fleming Stevenson. 

The Hymn Book consists of Three Parts : — I. For Public 
Worship.— 11 . For Family and Private Worship. — ^Hl. 
For ChSdren. ^ ^ 

*^4,* Published in various forms and prices, the latter ranging from %d. 
jMm to 6 s. 

Stray Papers on Education, and Scenes from School Life. By B. H. 
Second Edition. Small crown 8vo, 3^ 6 d. 

STk&ATFElLD, Rev. G, .S'., Lincolnshire and the Danes. 
Laxge crown 8vo, 7 j. 6 d. 

STRECKER-WJSLICENUS.’^tgo.nifi Chemistry. Translatedand 
Edited, with Extensive Additions, by W. R. Uodgkinson, 
Ph.D., and A. J. Greenaway, F.I.C. Demy 8vo, 21s. 

Study of the Prologue and Epilogue in English Literature. 
« From Shakespeare to Dryden. By G. S. B. Crown^vo, is. 

SULLY, yams, Pessimism : a History and a Criticism. 

Second Edition. Demy 8vo, 141, 

SWEDENBORG, De Cultu et Amore Dei ubi Agitur 

de Tellurls ortu, Paradlso e| Vivario, turn de Prl- 
mogeulti Seu Adaml Kativitate Xufantta, et Amore. 
»• Crown 8vo, 6 s. y 

SYNtEi Deadd.-^ll^mvsi%^U^^ Government In England. Its 
Faults and Inures. Second Edition. ./ Large crown 8vo, 6 s. 

TAYLOR^ Rev. Mphabet. An Account of the Origin 

and De^opment of Letters. With numerous Tables 
Facsimiles. 2 vols. Di>mv Rvn. 
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TAYLOR, -Profit Sharing betweau Capital and 

Labour. To which is added a Memo^a^dum on the Indi|strial 
Partnership at the Whitwood ColHcric* l)y Archibald and 
Henry Briggs, with remarks by Sedley TAfLOR. Crown 8vo, 
Us, 6d, 

Thirty Thousand^Thoughts. Edited by the Iftv. Canon Spence, 
RdV. J. S. Exell, Rev, Charles Neil, and Rev. Jacob 
Stephenson. 6 vols. Super royal 8vo, 

[Vols. I. and II. now ren^, i6s, each. 

TffOM, y. ffamaioH.—lAVirs of LifV after the Mind of thrist. 
Second Edition. CTown Svo, 7^. 6 d. 

TffOMSON,% Social Problems ; or, An Inquiry into 

the Laws of Inflifbnce. With Diagraifls. Demy Svo, loj. 6 d, 

TIDHANt Paul /'.-•^Gold and Silver Money. Part I*— A Plain 
Statement. Part II«-»Objections Altered. Third Edition. 
Cfdwn Svo, li. • ^ 0 

TIPPLE^ Rev. S. Sunday Mornings at Norwood. Prayers 
and Sermons. Ctown Svo, 6jr. ^ 

TODHUNTER^ Dr, Study of Shelley. Crowd Svo, 7 j. 

TREMEIfllEEREt Diigh Seymour, C.A-^A Manual of the 
Princii^les of Govezyiment, as set forth by the Authorities 
of Ancient and Modem Times. New and Enlarged Edition. 
Crown Svo, 3 ^, 6<f. ' 

TUKE, Daniel Hack, M.D., P,R.CJP.^hB,pteTB Itt the History 
of the Insane In the British Islesi With 4 Illustrations.' 
Large crown Svo, 12 s, 

tWWtlfO, Workhouse Visiting and Management 

during Twenty-Five Years. Small crown Svo, ar. 

TYLBk, 7 *T“*^he .Mystery ot Beluga or. What tk) We 
Know 7 Small crown Svo^ 6a, 

UPTON, Major R, Gleanings from the Desert of Arabia. 
XAige ipost Svo* lOi. 6d, . , 

yjCtjtfS y/ATOR.^'fiyiniH South. Recollections of France and 
its Littuir^. Sinan drown Svo, p* 6ti, 

VAUGHAN, H. Halprd.-^'Elar» Headings and Heuderlngs of 
Shakttipeare’s Tragedies. ^ svols. DamyStOiSj^. 

viltARL MafchiavelU and hie Times. 

4 voki I^e ^ost 8 vo, 4 $; . 

VllLIERS, Hm. a /»-rrFreek4'rade Suee«hes of. 

WlOl MmAt Edited hf i Member oT kt Cobden 

cm With Fdikalt Demy 8w, aw. 

%* PeoideyR;d.Hkm* 1 toL Croy|;A 8^, limp dpth^ as, 6el, 

VOGTf 4 ^rMsais.-^Tha Egyptian War bt 1882. 

A translation. With Map and Plans. I^ai^e crown Svo, 6s, 
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VOLCKXSOM^ E. W, Gatechlsm of Elementary Modern 
• Ghemistry»« Small crown 8vo, 3;. , 

VVNEl^^ Lady fMiiiy.— Every !bay a Portion. Adapted from the 
Bible and the Prayer Book, for the Private Devotion of those 
living in Widowhood. Collected and ]gdited by Lady Mary 
Vyner, Square crown 8vo, 5 j. ^ 

WALDSTEIN^ Charles^ The Balance of Emotion and 

Intellect ; an Introductory Kssay to the Study of Philosophy, 
t Crown 8vOt dr. 


WALLER^ Riv, C, i 9 ,-^The Apocalyi»e, reviewed under the Light 
the Doctrine of the Unfolding Ages^ and the Restitution of All 
* Things. D|my 8vo, t 2 s, • 

WALPOLE^ Ckas, George. — History of Ireland from the Earliest 
Times to the Union with Ureat Britain. With ^Maps 
* ^d Appendices Crown 8vo, lor. d/. 

WALSHE^lVetlier Hayle^ i!/./).— Dramatic Singing TPhysiolo- 
gic^ly Estimated. Crown 8vo, 3^. id. 

IVARD, William Georgy PA^D.^Esadya on the Philosophy of 
Theism. Edited, with an Introduction, by Wilfrid Ward. 
a vols. Demy 8vo, AiXi 

WEDDERBURNy Sir Davidy Bart.y M.P.^Ufe of. Compiled from his 
Journals and Writings by his sistef, Mrs. E. II. Perci VAL. With 

* ^ etched Portrait, and facsimiles of Pencil Sketches, Demy 8vo, 14^. ' 

WEDMQREy Fredmch^Yia Masters of Genre Painting. With 
Sixteen Illustrations. Post 8vo, yj. df. 


WHEWELLy WilUamy D.D.-^Uia Life and Selections from his 
Correspondence. By Mrs. Stair Douglas. With a Portrait 
from a Painting by Samuel Laurence. l)emy 8vo, 21 s. 


WHlTNEYy Prof. William Essentials lOf English 

Gfammax^i for the Use of Schools. Second Edition. Crown 
SvOi itk 6d. 

WlbLIAMSy Rowlandy PsalmSf Litanies, Counsels^ and * 

Collects for D#vout Persons* Edited by his Widows New 
and Popular Edition. Crown 8vo, y, 6d, 


Stray Thoughts Collected from the Writings of the 
late Roisrland WlUiamsi X>iX>. Edited by his Widow. 
Crown 8v6, 3r. 6d. 

W/LSOl[i Sir Eratmut. Recent Archaic Discovery of 
^ |figyptlah M^umnlles at Thebes. A Lecture, Crown 8vo, 

WILSON, ^2’.;- The Duke of Berttrlck, Manhal 

of ITrahce, 1702-1734. Demy Ivoj t jx. 

WILSOlTy Mrs. R. E.^Tfha dlirietlan Brothers. Their Origin and 
Wofk. With It of the life 4 ^ theit Foohderi the Via, 

J BAN Baptiste, do k SaUe. Ctovra 8vo, 6i, 
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WOLTMANN, Dr. Alfred, and WOERMANN, Dr. History 

of Painting. Edited 1 ^ Sidney Cai^aN. Vol. I. Fainting 
in Antiquity and the Middle Ages. With numqjrous Illustrations. 
Medium 8vo, zSs, ; bevelled boards, gilt leaves, ^os. 

Word was Made flesh. Short Family Readinm on the Epistles for 
each Sunday of the Christian Year. Demy ^o, lor. 6 d, 

WREN, Sir Christtfher.^TcLis Family and His Times. With 
Original Letters, and a Discourse on Architecture thitherto un- 
published. By Lucy Phillimoee. Demy 8vo, lor. 

yOUMANS, Eltea First Book of Botany.* Designed to 
Cultivate the Observing Powers of Children. With 300 
Engravings. New and Cheaper Edition, Crown 8vo, 2s, 6 d. 

YOUMANS, Edward Z., A/.Z?.— A Class Book of Chemistry, on 
* the Basis of the New System. ^ With 200 Illustrations, Crqwn 
8v^ S^. 


THE INTERNATIONAL 80IENTIFI0 SERIES. 

I. Forms of 'ftfater: a Fa&iliar Exposition of the Origin and 

Phenomena of Glaciers. By J. Tj^dall, LL.D., F.R.S. Wifellt 
25 Illustrations. Eighth Edition. Crown 8vo, 5}. 

II. Physics and Politics ; or, Thoughts on the Application of the 

Principles of “Natural Selection '"and “ Inheritance ” to Political 
Society. By Walter Bagehot. Sixth Edition. Crown 8vo, 4^. 

III. Foods. By Edward Smith, M,D., LL.B., F.R.S. With numerous 

Illustrations. Eighth Edition. Crown 8vo, 5^. 

IV. Mind and Body : the Theories of their Rdation. By Alexander 

Bain, LL.D. With Four Illustrations. Seventh Edition. Crown 
, 8vo, 4J, , 

V. The Study of Sociology. By Herbert Spencer. Eleventh 
. Edition. Crown 8vo, 5^. 

VI. On the Conservation of Energy. By Balfour Stewart, M.A., 

LL.D., F.R.S. With 14 Illustrations. Sixth Edition, Crown 
8vo, 5^^ ^ 

VII. Animal X,ocomotipn ; or Walking, Swimming, and Flying, « 

L B. Peedgtew, M.D., F,R.S.| htc, ^ith 130 Jllustrations. 
Ibiid E^^jdon, Crown 8vo,5r, | 

VIII. Reepbtteibility in Mental Disease, By Henry Maudsley, 

M.D,; Fourth ^tion. Crown ^v6, sr. 

IX. The Hew Chemistry. By Professor J. P. Cooke. With 31 

Illustrations. Seventh Edition, Crown 8vo, 5r. 
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X. Tlie Soience of Law. By Professor Sheldon Amos. Fifth Edition. 

Crown 8vo, 5 j. 

XI. Anlinal MechaSaism : a Treatise on Terrestrial and Aerial Loco- . 

motion. *By Professor E. J. Marey. With iiy Illustrations. 
Third Edition. Crown 8vo, 5r. 

XII. The Doctrine of Descent and Dar^nlsm. ^y Professor 

Oscar Schmidt. With 26 Illustrations. Fifth Edition. Crown 
8vo, 5r. * 

XIII. The^History of the*£lonflict between Religion and 

Science. By J. W. Draper, M.D.^ LL.D. Eighteenth Edition. 
Crown 8vo, 5r. 

XIV. l^ungi : thein Nature, Influences, *Uses, etc. By M. C. Cooke, 

M.D., LL.D. Edited by the Rev. M. J. Berkeley, M.A., F.L.S. 
With numerous Illustrations. Third Edition. Crown 8vo,^j. 

xV. The Chemical Effects of Light and Photography. Bv 
Dr,^H^mann V(^el. Translation thoroughly Revised. With 
100 Illustrations. Fourth Edition. Crown 8vo, 

XVI. The Life and Growui of Language. By Professor William 

Dwight Whitney. Fourth Edition. Crown 8vo, 5^. 

XVII. Money and the Mechanism of Exchange. By W. 

Stanley Jevons, M.A., F.R.S. ^ Sixth Edition. Crown 8vo, 5x. 

^JTlII. The Nature of Light. With a General Account of Physical 
Optics. By Dr. Eugene Lommel. With 188 Illustrations and a 
Table of Spectra in Chromo-lithography. Third Edition. Crown 
8vo, 5r. 

XIX. Animal Parasites and Messmates. By Monsieur Van 

Beneden. With 83 Illustrations. Third Edition. Crown 8vo, 5r. 

XX. Fermentation. By Professor Schiitzenberger. With 28 Illus- 

trations. Fourth Edition. Crown 8vo, 5r. * 

XXI. The Five Senses of Man. By Professor Bernstein. With 

^ 91 Illustrations. Fourth Edition. Crown 8vo, 5^. ' 

XXII. The Theory of Sound In its Relation to Music. By Pro- 

fessor Pietro Blasema. With numerous Illustrations. Third 
l^ition. Crown 8vo, 51. 

XXIII. Studies in Spectrum Analysis. By J. Norman Lockyer, 
F.R.S. With six photographic Uhistiations of S^ctra, and 
numerous engravings on Wood. Third Edition. Crown 8vo, 

— s 

XXIV. A History of ghe Growth of the Steam Engine. By 
Professor R. H. Thurston. With numerous Illustrations. Third 
Edition. Crown 8vo^ 6r. 

XXV. Education as a Science. By Alexander Bain, LL.D. Fourth 

Edition. Crown 8vo, 
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XXVI. Tha Human Species. By Frofessoy A. da Qtutrefiges. tfhjiFd 
Edition. Crown 8vo, 5^. 

XXVII, Modem Chromatics. With Applications to Art an^ In- 
dustry. By Ogden N. Rood. With 130 ordinal Ilhistrations. 
Second Edition. Crown 8vp» 5^. 

XXVIll. Crayfish t an Introduction to the ^tudy of Zoology. By 
Professor PI. Huxley. With 82 lllustretions. Third Edition. 
Crown 8vo, 5 j, 

XXIX* The Brain as an Organ o?*Mlnd. By H. CharltoirBastian, 
M.D. With numerous Illustrations. Third Edition. Crown 
8vo, 5r. ^ 

XXX. The AtomlQ Thedr^, By Prof. Wuiti. Translated by G, 
Cleminshaw, F.C.S, Third Edition. Crown 8vo,5i. 

XXXI* The Natural Couditions of B^aisltence as they a^ect 
Animal Life. By Karl Semper. With a !^ps and 106 
Woodcuts. Third Edition. Crown 8vo, 5^. • ^ 

XXXII* General Physiology of Mi4scles and Nerves. By Prof. 
J. Rosenthal. Third Edition, With Illustrations, Crown 8vo, 
5 ^* 

XXXllI. Sight; an Exposition pf the Pmciples of Monocular and 
Binocular Vision. By Joseph le Conte, LL,D. Second Edition. 
With 132 lllustimtions. Crown 8vo, 5r. • e* 

XXXIV, Illusions ! a Psychological Study. By James Sully, Second 
Edition. Crown 8vo, 5f, 

XXXV. Volcanoes s what they are and what they teach. 
By Professor J. W. Judd, F.R.S. 92 Illustrations on 

wood. Second Edition, Crown 8vo, 5^. 

XXXVI. Suicide ; an Essay in Comparatiye Moral Statistle^* By Prof. 
£. Morselli. Second Edition* With Piagrams. Crown 8vo, 5^. 

XXXVII. The Brain and Its Funotlons. By J. Luys. , With 
Illustrations, Second Editw* Crown 8vp, sr* 

XXXVIII. Myth and Science ; an Essay, By Tito Vignoli. Second 
Edition, Crown 8vo, 5^, 

XXXIX, The Sun* By Professor Young* Wtlr lUustmtidns. Second 
Edition, Crown 5-^^ 

XL, Ants, Bees, and Wasps; a Record^ of Obsemtigns on^dH 
Sfi^ So^.Hymenoptw^ Jjr Sir 
M.P. W#. s CbnmO'B&of^eipbic flTwtntlom. Edition. 
Crown oVo, ^s," 

XU. Aidmal liiitMUgunee. B]r*G. J. RomuiM, U.D., F.R.S. 
Third Edition. Crown 8vo, 51. 
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XlIii Th« Concepts and Theories of Modem Physics. By 
J. B. Stallo. Second Edition. Crown Svo, 51. 

XLIII. Plseases of l&e Memory ; An Essay in the Positive Psycho- 
logy, liy Prof. Th. Rihot. Second Edition, Crown Svo, 5^. 

XLIV. Man before Metals. By N. Joly, ^th 148 Illustrations. 
Third Edition. Crown Svo, 5/. , 

XLV. The Science of Politics. By Prof. Shddon Amos. Second 
Edition. Crown Svo, 5^. 

• •• 

XLVI. Klementary Meteorology. Bjy Robert H. Scott. Second 
|)dition. With Numerous Illustrations, Crown 8vo, 5.^. 

XLVIL* The Organs of Speech an(> their Application in the 
Formation of Articulate Sounds. By Georg llcrmann 
Vou Meyer. With 47 Wpodcuts. Crown Svo, 5 j. 9 

XLVIII, Fallacies. '*A View of Loglotfrom the Practiced Side. By 
Alir^ Sidgwick. Crown Svo, fs. 


MILITARY WORKS. 

% ^ 

Ca//, y, r.— Kngland on the Defensive ; or, the 
Problem of Invasion Criti^ly Examined. Large crown Svo, 
witih Map, 7x. 6 d. 

BRACKENBURY, Coh C. Military Handbooks for 

Regimental OUlcers. 

I . Military l^etching and Reconnaissance. By Col. 

F. J. Hutchison and Major H. G. MacGregor. Fourth 
Edition. With 15 Plates. Small crown Svo, js. 

II. The Elements of Modem Tactics Practically 

applied to English Formations. By Licut.-Col. 

• Wfianson Shaw. Fourth Edition. With Plates and* 
Maps. Small crown Svo, gs, 

III. Field Artillery. Its Equipment, Organisation and Tactics. 
By Major Sisson C. Pratt, B.A. With m Plates. Second 
Edition. Small crown Svo, 6 r, 

JV. The Elements of Military Administration# First 
Fart : Permanent System or Administration. By Major 

^ ^ J, W. Bififton. Small crown Jvq# jrj. M 

V. Military Law: Its Procedure and Practiee. By Major 
Sisson C. Pmt| Rf A Second Editien. Small crown Syo, 
4#. W, 

BXOOXS, Major, C. JT.— 4 Syatam of Field Training. g«.n 
crown Svo, cloth limp, 2.r. 
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CLERYf C,, Minor Tactics. With 26 Map? and 'Plans, 

Sixth and Cheaper Edition, Revised. Crown 8vo, gs, 

COZyjLE, LimU-CoU C. Military Tribunals. Sewed, 2j. (4. 

CRAUFURD^ Lieut, Suggestions for the Military Train- 
ing of a Coinpany of Infantry. Crown 8vo, is, 64 

t ^ 

//ARRISCW, LieutrCol Z*.— The Officer's Memorandum Book 
for Peaces and War. Third Edition. Oblong 32010, roan, 
with pencil, y, 6(f, 

Notes on Cavalry Tactics, Organisation, etc. By a ‘Cavalry 
Officer. With Diagrams. Demy8vo, I2rr *- 

FARR, Capt, II, Ilallam, C.Z/.t 7 .— The Dress, Horres, and 
Equipment of Infantry and StafiT Officers. Crown 
8vo, ij. 

SCBAW, Col. zr.— The Defence and Attack of Positions and 
I.ocalitles. Second Edition, Revised-and Corrected. Crown 
8V0, 3J. 6 d. ' 

SHADWELL, Maj,-Gen„ C,B. — ^Mou^tain Warfare. Illustrated 
by the Campaign of4r799 in Switzerland. Being a Translation of 
the Swiss Narrative compiled from the Works of the Archduke 
Charles, Jomini, and others. Also of Notes by General H. 
Dufour qn the Campaign of the Valtelline in 1635. With Appen- 
dix, Ma|)s, and Intx^uc«ory Remarks. Demy 8vo, idr. 

IVILICINSON, H, ^enser, Capt, 7Qth Lancashire R,V, — Giti2lefi! 

. Soldiers. Essays towards the Improvement of the Volunteer 
Force. Crown 8vo, ^s, 6(1, 


POETRY. 

ADAM OF hT. riCTOS.—’tbs Uturgical Poetry ot Adant of 
St. Victor. From the text of Gautibk. With Translations into 
English in the Original Metres^ '{nd Short Explanatoiy Notes, 
by Digby S. Wrangham, ikMC, 3 vols. Crown 8vo, printed 
on hand-made paper, boar^,.2||;r. 

AUCHMUTY^A, C.— Poems of Ehj§j:lish Herolsln ; FromBmnan- 
burh to Lucknow ; from Athelstan to Albert. Small crown 8vo. 
ir. 6 d, 

AVIA.^Thf( Odyssey ef Homer. Done into English Verse by. 
Fcap. ^ 

BANKS, Mrs. jStix.~Ripples and Breaken : PoenuT. Sqnue 
8vo, 5 a f 

BARING, 71 Cs Af.P.— The Scheme of Epicurus. A 

Rendering into English Verse oiUhe Unfinished Poem of Lucredus, 
endtlcdT^De Rerum Naturfii” (“TTre Nature of Things*). 
Fcap. 4to, 
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BAkMES^^^WiU^am.’-^Xieta^ of Rural Life, in the Dorset 
Dialect. New Edition, complete in one vol. Crown 8vo, 
' Sj* (id. >«•> 

BAYNEky Rev. Xanm H. A*. —Home Songs for Quiet Hours. 
Fourth and Cheaper Edition. Fcap. 8vo,^ cloth, 2 s, bt/. 

%* This may sdso be had handsomely boiftsd in morocco with 
gilt edges. '% 

BENDALLy Musa Silvestris. i6mo, U. Gd. 

BEVimTdN, Z. -S-.-Key Nr€g;es. Small crown 8vo, 5^. 

BILLSONf C.'* 5c— The Acharnians A Aristophanes. - Crov.n 
fieOf 3f. Gd. 

BLUNT, Wilfnd — The Wind and the Whirlwind. 

Demy 8vo, is. Gd. j 

BOWEN, H. C.y ^.i^.-^£lmple English Poems. English Literature 
for J^i<tf Classes, In Four Parts? Parts I., II., aifd III., Gd. 
each,ema Part IV., is* Complete, ^r. 

BRASHER, AI/red.^Soph.is^ or, the Viceroy of Valencia. A Comedy 
in Five Acts, founded on a Story in Scarron. Small crown 8vo, 
2s.Gd.^ 

BRYANT, W. C.— Poems. Cheap Edition, with Frcutispiece. Small 
crown 8vo, 3r. Gd. 

J^JlNNE, E. Fairfax . — Milicent : a Poem. Small crown 8vo, Gs. 

CAILLARD, Emma Charlotte Gorday, and other Poems. 

Small crown 8vo, ^r. ( 4 . 

Calderon’s Dramas: the Wonder-Working Magician — Life is a 
Dream— the Pijmtoiy of St. Patrick. Translated by Dsnis 
Florence Maccartuy. Post 8vo, lor. 

Camoens Lusiads. — Portuguese Text, with Ti-aaslatlbn by J. J. 
Aubbrtin. Second Edition. 2 vols. Crown 8vo, I2r, 

CAMPBELL, Sophocles. The Seven Plays in English Verse. 

Crown 8vo, 7 j. Gd. 


Castilian Brothers (The), Chateaubriant, Waldemar : Three 
Tragedies; and The Rose of Sicily: a Drama. By the 
Author of Ginevra,” etc. Crown 8vo, dr. 

Chronicles of Christopher Columbus. A Poem in 12 Cantos. 
By M. D. C. Crown 8vo, 7r« Gd. 

SZkREEf Mrny Honey from the Weed. Verses. 

Crown 7 j. | 

^O3mo do Medici ; The False One ; A^amont and Beau- 
mont : Three Tragedi^ ; mid The Deformed s a Dramatic 
Sketch. By the Aumor of “ Ginevra,” etc., etc. Crown 8vo, 5J. 
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COXHEAD^ Bir4s and Babies. Imp. i 6 m<^ Wjtl 33 

Illustrations. Gilt, 2 s, 6d, 

David Rizzio,. Bothwell, and the ^'itch Ladys Three 
Tragedies. By the autlior of “ Ginevra,” etc. Crown ^vo, 6s, 

DAVIE^ G,S,t .df.A— The Garden of Fragrance. Being a com- 
plete translation of the Bostin of Sidi fromi the original Persinn 
into English Verse. Crown 8 vo, *js, 6d, 

T’. .flW.^atullus. Translated into English Verse. Crown 
8 vo, dr. j 

y.— English Sonnets. Collected and Arranged 1 ^, Small 
crown 8 vo, 2s.6d,^ 

DE VERE^ Aubrsy,^l?oestiCBl Works. 

1. The Search after Proserpine, etc. dr. 

II. The Legends op St. Patrick, etc. dr. 

III. Alexander the Great, etc. bs, 

. • 

TheaForay of Queen Heave, and other Le^n^ of Ireland’s 
Heroic ^e. Small crown 8 vo, Sr. ^ \ 

Legends of the Saxon Saints.^ Small crown 8 vo, 6s, 

DILLON^ River Songs and other Poems. With 13 

autotype Illustrations from designs by Margery May. Fcap. 4 to, 
cloth extra, gilt leaves, lor. 6d, 

DOBELL^ Mrs, Ettidlstone, Eveline, and other Poems, 

c Crown 8 vo, 6s, ^ • 

DOBSONj Old World Idylls and other Poems. Third 

Edition. x 8 mo, cloth extra, gilt tops, 6s, 

DOMETf Ranolf and Amohia. A Dream of Two Lives. 

New Edition, Revised. 2 vols. Crown 8 vo, 12 s, 

Dorothy: a Countxy Story in Elegiac Verse. With Pre&ce. Demy 
8 vo, 5 J. 

DQWDEN^kEdmrd^ ZZ.D.— Shakspere’s Sonnets. With Intro- 
duction and Notes. Large post 8 vo, yr. 6d, 

« DUTTt Thm.— A Sheaf Gleaned in French Fields. New Edition. 
D^y 8 vo, lOf, 6d, • 

EDMONDS{E, Hesperas. Rhythm and Rhyme. Crown 8 vo, 4 J. 

ELDRYTH^ Aftna/.— Margaret, and other Poems, Small crown 8 vo, 
3 r. 6d, 

All Soul’s Eve, “ No God,” and other Poems. Fcap. Svo, 3 ^. 6d, 

ELLIOTT^ Eimezer, The $om Lm Rhynter,~^oemB, Edited by his 
son, the Rev. Edwin Elliott, of St. ^lohn’s, Antigua. 2 
Crown Svo, i 8 f. • 

English Odes. Sdected, with a Critical Introdncdon by Edmund W. 
Gosse, and a miniature frontispiece by Hamo Ihomycroft, 
A.R.jAw Elzevir Svo, limp pi^chment antique, or cloth, 6s, ; 
velium, p, 6d, 
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EngUsh Verse. Edited by W. J. Linton and R. H. Stoddard. 
5 Tols. Crown 8vo, cloth, p. each. 

• 1. Chaucer Burns. 

IL^Transbations. 

III. Lyrics op the Nineteenth Century. 

IV. Dramatjp Scenes and Characters/^ 

V. Ballads and Romances. 

jEFANS, Poems and Music. With Memorial Preface by 

Ann Thackeray Ritchie. Large crown 8vo, fs. 

COSS^, ETmund New P^pems. Crown 8vo, (id. 

GRAHAM^ WlUiam. Two Fancies, and bther Poems. Crown 8vo, 5 j. 

GRINIkXOD^ Charles. Plays from EngUal^History. Crown 
8vo, 7f . 6d.^ * 

The Stranger’s Story, and^ Poem, The Lament of Lov^: An 
^ Episode of the Malvern HiUlF Small crown 8vo, 2s, 6d. 

GURNEY, Ra>. Aljrat—'She Vision Ot the Eucharist, and other 
Po^lk * Crown 8vo, 

HELLOdd^ H. ( 7 .— Daphn\: a Pastoral Poem. Small crown Svo, 
p. 6d. 

HENRY^ Darnel^ yuHr,^XJnd&^ a Fool's Gap. Songs. Crown Svo, 
doth, bevdled boards, 5r. 

Herman Waldgrave : a life’s Dralia. By the Author of " Ginevra,” 

• • etc. Crown Svo, 6s. 

HICKEY^ E. AT.— -A Sculptor, and other Poems. Small crown 
Svo, p. 

HONEYWOODy Patty.^’^Qmsss* Dedicated (by permission) to Lord 
Wolseley, G.C.B., etc. Small crown Svo, 2s. 6d. 

INGHAM^ SarsoH^ C.ey.— Caedmon'^ Vision, and other Poems. 
Small crown Svo, 5/. 

yENKINS^ Rev. Coifw.— Alfonso Petruccl, Cardifial and Con- 
sphator: an Historical Tragedy in Five Acts. Small crown Svo, 
p.6d. 

yOitNSON. Ernie S. Ilaria, and other Poems. Small crown Svo, 

pea. 

KEA TSt Poetical Works. Edited W, T. Arnold. Large 

crown Svo, choicely printed on hand^made paper, with Portrait 
in eau-farte. Paidunent, 12s . ; vellum, 15X. 

KING9 Edwtn^.^%c\ioe» from the qpient. With Miscellaneous 
Poems. Small crown Svo, p. 6d. 

Mrs. Hamiltem--T\i^ DlecipleSw Sixth Edition, with Portrait 
and Notes. Cn|m Svo, 5r* 

A BookofXtreRms. Crown Svo, 31. 

dCNOXt ^ Mtrs. 0. iV#— Four Pictures from a Life, and 
other Poems. Small crown Svo^ 31. 6d. 
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LANG, XXXII Ballades in Blue China. Elzevir 'Svo, 
parchment, 5 j. 

LAWSON^ Right Hon, Mr, Justice , — Hyhinl Usitatl L^tine 
Redditi ; with other Verses. Small Svo, pa^chmentl 51. 

I^essings Nathan jthe Wise. Translated by Eustace K. Corbett. 
Crown 8vo,<tir. 

Life Thofhghts. Small crown Svo, 2s, 6d, 

Living English !k?06ts MDCGGLXXEII. With Frontispiece by 
Walter Crane. Second Editiop. Large crown Svo. Pointed on 
hand-made paper. Parchmeni^ 12s, ; vellum, 15^. 

LOCKER^ ^.—London Lyrics. A New and Cheaper Edition. 
Small crown Siiio, 2s, M, • 

Love in Idlene£?^ A Volume of Poems. With an etching by W. B. 

^ Scott. Small crown SvoEfr. 

Love Sonnets of Proteus. WSh Frontispiere by the Author. Ehevir 
Sfo,5r. 

LUMSDEN, Li€ut,-Col H, Beowulf ; an Old "English Poem. 
Translated into Modem Rhyme;". Second and Revised Edition. 
Small crown Svo, $3, 

Lyre and Star. lV)ems by the Authmr of Ginevra,*’ etc. Crown 
Svo, Sr.,. 

MAGNUSSOH, Eirikr, M,A„md PALMER, E, H„ AT.ii.-Johan 
Ludvig Runeherg^ Lyrical Songs, Idylls, and 
grams. Fcap. Svo, 5r. 

Chronicles of Christopher Columbus. A Poem in 
Twelve Cantos. Crown Svo, yr. 6^. 

MEREDITH, Oumi \The Earl of Luclle. New Edition. 

With 32 Illustrations. i6mo, 31. fd, cCloth extra, gilt edges, 
4s, 6d, 

MORRIS, Z^w,— Poetical Works of. New and Cheaper Editions, 
with Portrait. Complete In 3 vols., 5/. each. 

Vol. I. contains “Songs of Two Worlds.” Ninth Edition. VoL 11 . 
cmitains “The Epic of Hades.” Seventeenth Edition. Voh 111 . 
contains “ Gwen ” and “ The Ode of Life.” Fifth Edition. 

The Epic of Hades. With 16 Autotype Illustrations, after the 
Drawings of the late Geoige H, Chapman. 4to, cloth extra, gilt 
leaves, 2ix. 

The Epic of Hadef. Pribi^tation Edition. 4to, doth extra, 
^tkavM, KM. W. 

Songs Unsung. Fourth Editkm. Fcap.^ Svo, 6r. 

MORSHEAD, E. D, Al^The House Of Atreus. Being the 
Agamemnon, Libation-Bearers, and Ftuees of ^uEschylus. TranF 
lated into E^^ghsh Verse. Ctoi;^ Svo, Js, 1 

The Suppliant Maidens of ACsohylus. Crown Svo, 3r. 6Z 









